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Preface 


This technical manual is written with the advanced user in mind. 
Every effort has been made to provide the most information in the 
least amount of space. To this end the technical material contained 
herein is as descriptive and as concise as possible. Our goal is 
to provide the advanced, technically-oriented user and/or program- 
mer with as much factual, technically accurate material as we possi- 
bly could. Because of this, many individuals who lack a sufficient 
technical background may find this material difficult to grasp. 


A large number of well-written books are available through commer- 
cial outlets that may help bridge this background gap. These books, 
by many different authors, are available from numerous publishing 
firms covering the entire technical range from computer basics to 
advanced systems development. We highly recommend that anyone 
who feels the need, review these books as possible additions to 
their reference material. In addition, we have identified several spe- 
cific sources of technical information related to the material within 
this manual. Most of these are manufacturer-specific publications 
relating to a specific product or line of products. In most cases, 
like this manual, they are of a highly technical nature. If the user 
needs basic, introductory technical material, we recommend the 
commercially available sources mentioned above. 
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The Advanced Desktop Computer, illustrated in Figure 1-1, is a 
state-of-the-art computer system. It offers greatly increased comput- 
ing power while maintaining compatibility with earlier PC-compatible 
computers. Some of the features of this computer are: 


An Intel 80386 microprocessor operating at 16 MHz 

@ Optional support for either the 80287 or the 80387 coprocessor 
@ A101-key keyboard featuring separate numeric and cursor con- 
trol key groups plus a special emulation mode 

1M of standard system memory 

Optional memory expansion up to 16M 

Internal hardware support for EMS memory 

EGA, CGA, and MDA video support 

Flexible drive configuration options using standard 5.25-inch or 
3.5-inch floppy disk drives and hard disk drives with capacities 
up to 80M. 


Figure 1-1. Advanced Desktop Computer 
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Manual Description 


This manual contains information on computer operation and pro- 
gramming methods. It is a companion manual for the MS-DOS Pro- 
grammer's Utility Pack (CB-3163-30) and also serves as a hardware 
introduction for the service technician. Refer to the Owner's Manual 
for this computer for explanations of commonly used acronyms and 
terms. 


This technical manual contains three parts with appendices and an 
index: 


e Part | contains an introduction to the computer, including infor- 
mation on installation, system configuration, operation, and dis- 
assembly. 


e Part Il describes system programming. This includes the Monitor 
program and the software-based interrupts common to PC- 
compatible computers. 


e Part Ill provides information on the base machine configuration 
and the hardware used to implement that configuration. This 
includes a discussion of each major programmable integrated 
circuit in the computer. Part Ill also includes a chapter on com- 
mon problems and how to resolve them. 


@ The appendices contain reference material useful to the system 
programmer. 


Related Publications 


Several publications are available which contain information related 
to the topics discussed in this manual. This material is useful as 
additional reference material to increase your knowledge and under- 
standing of the computer system. 


i ao ee 
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High-Performance Workstation Owner’s Manual (595-3892) — 
This manual comes with the computer. It describes the installation 
and operation of the computer from a user's point of view. It also 
includes a brief discussion of the hardware, configuration, and 
maintenance. 


Intel Introduction to the 80386 — This manual, published by the 
Intel Corporation, provides an overview and introduction to the 
80386 microprocessor. The Intel order number for this publication 
is 231252. 


Intel Microsystems Component Handbook, Vol. 1 & 2 — These 
manuals, published by Intel Corporation, provide information on the 
architecture and programming procedures for the 80287 and 80387 
numeric processor extensions. They also contain information relat- 
ing to system support circuitry and microprocessors. The Intel order 
number for this set is 230843-004. 


Intel 80386 Programmer’s Reference Manual — This manual, 
published by Intel Corporation, contains detailed information on the 
architecture, instruction set, and programming procedures required 
for the 80386 microprocessor. The Intel order number for this man- 
ual is 230985-001. 


Intel 80386 Hardware Reference Manual — This manual, pub- 
lished by the Intel Corporation, contains detailed descriptions of the 
architecture and operation of the 80386 microprocessor. Device tim- 
ing diagrams and pinouts are also included in this manual. The Intel 
order number for this publication is 231732-001. 


Lotus/Intel Expanded Memory Device Interface Specification — 
This publication is available directly from Intel Corporation. This 
specification details the software and hardware interface for EMS 
memory systems. Intel Technical Support provides a toll free 
number, 1-800-538-3373, that you may call to obtain this specifica- 
tion. 


Intel publications may be obtained by writing to the following ad- 
dress: 


Intel Literature Sales 
P.O. Box 58130 
Santa Clara, CA 95052-8130 
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Intel also provides a toll-free number for literature requests. The 
number to call is 1-800-548-4725. 


MS-DOS Programmer's Utility Pack (CB-3163-30) — This soft- 
ware package, produced by Microsoft and Zenith Data Systems, 
contains information and software for writing and assembling MS- 
DOS and native code 8086, 8088, 80286, and 80386 assembly lan- 
guage programs. 


Product Applications 


The Advanced Desktop Computer Series provides the user with a 
great deal of computing power as well as versatility. Because of 
this, the computer can be useful in a number of different applications. 


Professional — The computer uses an Inte! 80386 microprocessor 
and optionally supports the 80287 or 80387 coprocessor. This pro- 
vides the computing power necessary for professional applications 
such as CAD/CAM and Desktop Publishing. 


Business — The computing power of this machine coupled with 
a vastly increased memory capacity makes this computer extremely 
useful in the business community. Spreadsheet applications, 
databases, and expert systems are a few of the major types of 
software packages that make this machine important in every day 
business. 


Education — Computing power and large memory support are at- 
tractive in other areas as well. This computer is useful in a number 
of educational applications such as Computer Aided Instruction and 
simulations. 


Personal — This computer also can be useful in personal applica- 
tions requiring large memory capacities coupled with high computa- 
tional power. Software development and home business ventures 
are just two applications available in this area. 
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Product Information 


The following sections detail the operating requirements for this 
computer as well as the system specifications. 


Environment 


Most computer designs will operate over a wide range of environ- 
mental conditions. Temperature and humidity are the two environ- 
mental conditions that most affect the way a computer operates. 
In general, always be aware of the published specifications for the 
equipment you are trying to use. Unusual applications may require 
you to contact the equipment manufacturer for information. 


The base system unit is designed to meet working conditions in 
the average business office (refer to “Specifications” in this chapter). 
Reasonable control of the temperature and relative humidity while 
the equipment is operating is essential. Use these guidelines to 
maintain a proper operating environment for your computer: 


@ Keep the computer away from sources of heat, including direct 
sunlight. 


e Keep the computer away from moisture sources that might 
cause liquid to come into contact with the computer. Do not 
allow drinks or containerized liquids in the work area. 


e Install the computer in an area that does not inhibit free air 
flow around the computer. Resiriction of ventilation around the 
computer can result in overheating problems. 


@ Computers are extremely sensitive to dust and dirt particles. 
Consider using protective covers whenever the computer is not 
in operation. This can help to reduce maintenance calls. 


e@ Computers and floppy disks are also sensitive to electromagne- 
tic radiation. The work area should be free of potential sources 
of high electromagnetic emissions. Keep floppy disks at least 
two feet from telephones and associated wiring. 
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¢@ Computers can be sensitive to mechanical shock and external 
vibrations. Install the computer on a secure work surface that 
is free from vibration. 


In general, peripherals follow the same guidelines as the computer. 
Each peripheral you purchase should include specifications and 
setup instructions. Review these carefully before you operate the 
equipment. Specific questions should be directed to the equipment 
manufacturer or representative. 


Always place dot-matrix and daisy wheel printers on separate printer 
stands. These devices are vibration sources and it is best to isolate 
them from the computer. 


Optional Cards 


Up to six optional system expansion cards can be installed to en- 
hance the performance of the base system. Two of these cards 
are described in the following paragraphs. 


Memory Expansion — The base system comes with 1M of installed 
memory. The maximum available memory for the system is 16M. 
Memory expansion cards are available in increments of 1M and 
4M. You may install optional memory using either an extended or 
EMS memory configuration. 


System Cache — An optional system cache card is available to 
increase the overall throughput of the computer. The amount of per- 
formance increase gained by using this card is directly related to 
the application you are running. 
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Coprocessors 


Coprocessors are integrated circuits that increase system perfor- 
mance in a specific area. Two optional math coprocessors are avail- 
able for this system: the 80287 and the 80387. Intel refers to these 
devices as Numeric Processor Extensions. This name, and the term 
coprocessor refer to the same type of device in this manual. These 
devices provide vastly increased performance on computation inten- 
sive operations. Only one coprocessor may be installed in the sys- 
tem at any given time. 


Video Options 


The base system provides direct support for EGA video operation. 
This enhanced level video system provides screen resolution of 640 
x 400 pixels with 16 colors from an available palette of 256,000. 
The system also supports an enhanced EGA mode that supports 
a higher screen resolution of 640 x 480 pixels. The video system 
can also support CGA, MDA, and Hercules video display formats. 


NOTE: EGA systems require special video monitors to correctly 
display higher resolution on the screen. Because of the repro- 
grammed video scan rates, some software packages may not work 
correctly if run in this enhanced environment. Check with the soft- 
ware manufacturer if you have questions concerning installation or 
operation. 


Mass Storage Options 


The term “mass storage” refers to any means of storing large 
amounts of data for use at a later time. The base system provides 
the user with one floppy disk drive and a hard disk drive. The follow- 
ing devices are available for this system, any combination of which 
may appear in the base system: 
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3.5-Inch Micro Floppy Disk Drives — There are two available drive 
options in this size format. One drive provides a formatted capacity 
of 720K bytes of data, the other provides 1.4M of formatted data 
capacity. 


5.25-Inch Floppy Disk Drives — Two different types of drives are 
available in this size. The standard high-density drive provides a 
formatted capacity of 1.2M of data per disk. Optional drives are 
available with either 360K or 1.2M of formatted capacity. 


Hard Disk Drives — There are a number of hard disk drives avail- 
able for this system. Storage capacities for these drives range from 
20M to 80M of formatted data. These drives come in either half- 
height or full-height configurations, depending on the drive vendor. 


Removable Cartridge Hard Disk Drives — These drives are simi- 
lar to the normal hard disk drives with two exceptions. First, the 
drive is equipped with a removable cartridge similar to a floppy disk. 
This cartridge contains the platters on which the data is stored. The 
second difference is in the drive capacity. Each removable cartridge 
has a maximum storage capacity of 10M of data. 


The Advanced Desktop Computer can support a maximum combina- 
tion of two floppy drives and two hard drives. 
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Specifications 


This section contains design and performance specifications for this 
computer. Keep these specifications in mind while operating your 


computer system. 
CPU 
Processor: 
Type: 
Clock speed: 


Memory: 


Sound: 


Input/output 
Serial port: 


Parallel port: 


Video: 


80386, CHMOS technology. 
32-bit internal/external. 
16 MHz. 


1M dynamic RAM standard, select- 
able system memory size, 512K or 
640K expandable to 16M. Hard- 
ware support for EMS memory. 


2 inch speaker. 


Asynchronous serial RS-232C port 
(AT-style DB-9 connector). One 
start bit; 7- or 8-bit word length; one 
or two stop bits; selectable baud 
rates of 110, 150, 300, 600, 1200, 
2400, 4800, or 9600 baud; RD, 
CTS, DSR, CD signals recognized; 
TD, RTS, DTR control signals gen- 
erated; half- or full-duplex opera- 
tion. 

Centronics-type parallel output port 
(DB-25 connector). 


MDA, HGC, CGA, and EGA Native Modes 


MDA (Monochrome Display Adapter): 


Horizontal scan frequency: 
Vertical refresh rate: 

Pixel resolution: 

Character cell: 


18.43 kHz 

50.0 Hz 

720 (H) x 350 (V) 
9x 14 
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HGC (HERCULES Graphics Card): 
Horizontal scan frequency: 18.43 kHz 


Vertical refresh rate: 50.0 Hz 
Pixel resolution: 720 (H) x 350 (V) 
Character cell: 9x 14 


CGA (Color Graphics Adapter): 

Horizontal scan frequency: 15.75 kHz 

Vertical refresh rate: 60.0 Hz 

Pixel resolution: 320 (H) x 200 (V) double scanned 
at 400 (V), 2 palettes of 4 colors 
each; and 640 (H) x 200 (V), 
monochrome. 

Character cell: “8x 16 


EGA (Enhanced Graphics Adapter): 
Horizontal scan frequency: 21.80 kHz 


Vertical refresh rate: 60.0 Hz 

Pixel resolution: 640 (H) x 350 (V), 16 colors from 
a paletie of 64. 

Character cell: 8x 14 


31.49 kHz Analog Video Modes: 


MDA (Monochrome Display Adapter): 
Horizontal scan frequency: 31.49 kHz 


Vertical refresh rate: 70.0 Hz 
Pixel resolution: 720 (H) x 350 (V) 
Character cell: 9x 14 


HGC (HERCULES Graphics Card): 
Horizontal scan frequency: 31.49 kHz 


Vertical refresh rate: 70.0 Hz 
Pixel resolution: 720 (H) x 350 (V) 
Character cell: 9x 14 
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CGA (Color Graphics Adapter): 

Horizontal scan frequency: 31.49 kHz 

Vertical refresh rate: 70.0 Hz 

Pixel resolution: 320 (H) x 200 (V) double scanned 
at 400 (V), 2 palettes of 4 colors 
each; and 640 (H) x 200 (V), dou- 
ble scanned to 400 (V), monoc- 
hrome. 

Character cell: 8 x 16 


EGA (Enhanced Graphics Adapter): 
Horizontal scan frequency: 31.49 kHz 


Vertical refresh rate: 70.0 Hz 

Pixel resolution: 640 (H) x 350 (V), 16 colors from 
a palette of 256,000. 

Character cell: 8 x 14 


Zenith Mode (Zenith 480 Line): 
Horizontal scan frequency: 31.49 kHz 


Vertical refresh rate: 60.0 Hz 
Pixel resolution: 640 (H) x 480 (V), 16 colors from 
a palette of 256,000. 
Character cell: 8 x 19 
Video Memory Capacity 256K 
Monitor Interface: 15-pin connector: RGB analog 


video, constant 31.49 kHz scan fre- 
quency, 75 ohm impedance, 0- 
0.714 volt full scale, zero volts rep- 
resents black. 


9-pin connector: TTL video with na- 
tive horizontal scan frequencies in 
RGBI, RGBrgb, V (Video), or VI 
(Video, Intensity) modes. 
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Disk drives: 


Keyboard: 


5.25-inch double-sided, double- 


density floppy disk drives, 360K for- 
matted capacity each drive, 48 tpi, 
nine sectors per track. 5.25-inch 
double-sided, quad-density floppy 
disk drives, 1.2M formatted capac- 
ity each drive, 96 tpi, nine sectors 
per track. 

3.5-inch double-sided, double-den- 
sity micro floppy disk drives, 720K 
formatted capacity per drive, 80 tpi, 
nine sectors per track. 3.5-inch 
double-sided, quad-density micro 
floppy disk drives, 1.44M formatted 
capacity per drive, 80 tpi, 18 sec- 
tors per track. Write-protection rec- 
ognized. Optional fixed or remova- 
ble cartridge hard disk drives. Ca- 
pacity: 10M to 80M. Operating sys- 
tem: MS-DOS version 3. 


101 keys: 58-key alphanumeric 
typewriter arrangement (duplicate 
CTRL, ALT, and SHIFT keys), 17-key 
numeric keypad, 4-key cursor con- 
trol pad, 6-key editing pad, 3-key 
function pad, and 12 programmable 
function keys. Full 84-key PC key- 
board compatibility maintained by 
using a switchable keyboard emu- 
lation mode. CAPS LOCK, SCROLL 
LOCK, and NUMLOCK keys use status 
LEDs. 
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Power requirements: 120 VAC at 4 A (200 W) or 240 
VAC at 2 A (200 W). 
Input frequency: 120-V: 50 or 60 Hz (48 — 62 Hz). 


240-V: 50 or 60 Hz (48 - 62 Hz). 


Environment 


Operating: 60° — 85° F (16° — 30° C) at 20% 
— 80% relative humidity (non-con- 
densing). 

Storage: —40° — +125° F (—40° — +51°C) 


at 20% — 80% relative humidity 
(non-condensing). 


Dimensions: 21.0 in. wide x 16.25 in. deep 
(front to back) x 6.25 in. tall (53.34 
cm xX 42.54cm x 15.88 cm). 


Weight: 41 Ibs (18.85 kg) base system con- 
figuration. 


Chapter 2 
Installation 


This chapter discusses connecting the computer to peripherals and 
power in preparation for use and installing internal options. 


Required Tools 


If you are connecting the computer to peripherals and power, you 
only need a slotted screwdriver. If you are installing internal options, 
you will need the following tools: 


e Slotted screwdriver 
@ = 1/4-inch nut driver 
e@ No.2 phillips screwdriver. 


Operating Environment and 
Power Requirements 


e@ The room temperature should be between 60° and 85° F (16° 
to 30°C). 


e The relative humidity should be between 20% and 80% (non- 
condensing). 


e Allow six inches of unobstructed space at the back panel and 
on the ventilation slot side of the computer to prevent overheat- 
ing. The computer may be operated on its side, fan exhaust 
side up, if you allow the required ventilation space. Use a perma- 
nent mounting for stability. 


e@ The computer is factory-set for 115 VAC. Change the line volt- 
age select switch, located on the back panel, if you are in an 
area serviced by a 230 VAC power source and contact your 
service representative to obtain the proper power cord. The cord 
packed with your computer is intended for use with 115 VAC 
only. 
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If you use a switched power strip or multiple-outlet box for all your 
components, be sure it meets the following power requirements: 


@ For 115 VAC systems, a minimum power rating of 10 amperes 
is required. 


@ For 230 VAC systems, a minimum power rating of 5 amperes 
is required. 


@ Do not use an extension cord unless it is a heavy-duty, three- 
wire type. Smaller cords can pose a safety hazard and tend 
to reduce the amount of voltage available, causing performance 
problems with your computer. 


Unpacking and Setting Up 


1. Carefully unpack your computer and place it on the work sur- 
face. Your operating system documentation and disks are 
packed on top of the computer. The keyboard and power cord 
are packed under the computer. 


2. Position your computer so you have access to the back panel 
to check the switches and connect accessories. Allow six in- 
ches of unobstructed open space around the ventilation slots. 
Figure 2-1 shows the back panel of your computer and the 
ventilation slots. 


VIDEO CONFIGURATION 


SWITCHES 
Ne wA 
apie LINE VOLTAGE _—15-PIN VIDEO SERIAL 
‘SLOT SELECT SWITCH CONNECTOR CONNECTOR 


POWER PARALLEL 
POWER CORD KEYBOARD : 
SWITCH 9-PIN 
CONNECTOR CONNECTOR ViGEO CONNECTOR 
CONNECTOR 


Figure 2-1. The Back Panel of the Computer 
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3. | Check the switches on the back panel to make sure that: 


e@ The power switch is in the OFF position. The white dot 
indicates the ON position. 


© The line voltage select switch setting matches your AC 
power source. 


4. If you want to install internal options, refer to “Installing Internal 
Options” in this chapter and install them now. 


Connecting Peripherals 


1. Your computer is factory-set to operate with either a high- 
resolution analog (31 kHz) video monitor or a multisync video 
monitor. If you want to use a standard EGA, color, or mono- 
chrome video monitor, refer to Table 2-1 and reconfigure your 
video controller card now. Refer to Chapter 3 for disassembly 
instructions and Chapter 4 for detailed configuration instruc- 
tions. 


Table 2-1. Video Controller Card Configuration 


MONITOR VIDEO DIP SWITCH SECTIONS JUMPERS 
TYPE 1 2 3 4 5 6 P41 P3 
Monochrome’ OFF OFF ON OFF ON OFF) 2&3 1&2 
Color (80 x 25) OFF OFF OFF ON ON OFF 2&3 1&2 
Color (40 x 25) ON OFF OFF ON ON OFF) 2&3 1&2 
Enhanced RGB 

(200 line) ON ON ON OFF ON OFF 1&2 1&2 
Enhanced RGB 

(350 line) OFF ON ON OFF ON OFF 1&2 1&2 


High-resolution 
analogmonochrome ON ON OFF OFF ON ON 1&2 1&2 
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Table 2-1 (continued). Video Controller Card Configuration 


MONITOR VIDEO DIP SWITCH SECTIONS JUMPERS 
TYPE 1 2 3 4 5 6 P1 P3 
SSS aa 
High-resolution 

analog color or 

multi-sync EGA? OFF ON ON OFF ON ON 1&2 1&2 


NOTES: 


te 


Some monochrome monitors operate with color signals rather than 
monochrome signals. Check your monitor documentation. If the monitor 
uses RGB signals, set the DIP switch for the appropriate color or en- 
hanced color mode. 


Factory setting. 


———e— ee 


Sections 1 through 4 of the video controller card DIP switch 
determine the video signals on the 9-pin video connector. Sec- 
tion 5 enables automatic emulation of CGA, HGC, MDA, and 
EGA video modes, as required by software, when it is in the 
ON position. Switch section 6 controls the video output signals. 
When this switch is on, analog video signals at the 31 kHz 
horizontal sweep frequency are available at the 15-pin connec- 
tor. If the switch is off, TTL-level video signals are available 
at the 9-pin connector. Figure 2-2 provides pin definitions for 
the 15-pin and 9-pin vodeo connectors. 
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15-PIN CONNECTOR FOR 31 KHZ ANALOG MONITORS 


Pin Signal Pin Signal Pin Signal 
No. i No. 


Red output Red ground 11. NC 

Green output Green ground 12 NC 

Blue output Blue ground 13 Horiz. syne 
NC NC 14 Vert. sync 
Ground Sync ground 15 NC 


9-PIN CONNECTOR FOR RGB-TTL MONITORS 


MONOCHROME RGB ENHANCED 
RGB 


Pin Signal Pin Signal Pin Signal 
No. No. No. 


1 
2 
3 
4 
5 
6 
a 
8 
9 


Ground 
Ground 
Red 

Green 
Blue 
Intensity 
Video 
Horiz. syne 
Vert. sync 


Ground 

S. red 

Red 

Green 
Blue 

S. green 
S. blue 
Horiz. syne 
Vert. sync 


Ground 
Ground 
Red 

Green 
Blue 
Intensity 
NC 

Horiz. sync 
Vert. sync 


OMNOAFLWN — 
OMNOAAWNH 


Figure 2-2. The Video Connectors 
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2. 


Refer to Figure 2-3 and connect the video cable to the appro- 
priate video connector on the back panel of the computer. Use 
the 15-pin video connector for a high-resolution analog video 
monitor. Use the 9-pin connector for a multisync, EGA, CGA, 
or monochrome video monitor. Secure the connection by tight- 
ening the screws on the connector. 


TO 
VIDEO MONITOR 


Figure 2-3. Connecting the Video Monitor 


Connect the power cord to the IEC 3-prong connector and 
the keyboard cable to the 5-pin DIN-type connector. Both are 
located on the back panel. Figure 2-4 provides pinout informa- 
tion for the keyboard connector. 


GROOVE 


Figure 2-4. The Keyboard Connector 
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4. If you want to connect any peripherals to your computer, con- 
nect them now. Your computer is equipped with a serial port 
(COM1) and a parallel port (LPT1). Both are accessible 
through the back panel at slot 3. The serial port connector 
is a 9-pin D-type connector, configured as an RS-232C com- 
munications port. The parallel port connector is a 25-pin D-type 
connector, configured as a Centronics-type printer port. Figure 
2-5 provides pinout information for serial and parallel ports 
on the computer. 


1 Carrier Detect 6 Datasetready 595 3)9 
2 Receive data 7 Request to send S69 

3 Transmit data 8 Clear to send a0 

4 Dataterminal ready 9 Ring indicate eer 
5 Ground 


4 Strobe 10 Acknowledge Ti 14 
2 Data bit 0 11 Busy 3° 

3 Data bit 1 12 Page end oe 

4 Data bit 2 13 Select 2° 

5 Data bit 3 14 Auto feed ge 

6 Data bit 4 15 Error ° 6 

7 Data bit 5 16 initialize printer °° 

8 Data bit 6 17 Select input 8 25 
9 Data bit 7 18-25 Ground 13 


Figure 2-5. The Serial/Parallel Connectors 
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5. Position the computer so You can easily reach the disk drives 
to insert and remove floppy disks. You should also be able 
to reach the power switch on the back panel. Plug the com- 
puter and video monitor power cords into an AC power source. 
Be sure the power switches are in the OFF position and plug 
any peripherals into an AC power source. 


6. Open the drive doors on the floppy disk drives, and then re- 
move the cardboard shipping inserts. Save the inserts. If you 
ship the computer in the future, insert them in the disk drive 
slot to prevent damage to the drive. 


Initial Powerup 


If your computer system is connected to a switched power strip 
or multiple-outlet box, a single switch controls power to the entire 
system. For individual operation, turn on power to the video monitor 
first, then the computer. Turn on power to any peripherals last. This 
will allow the peripherals to receive the correct configuration informa- 
tion from the system. As the system begins the powerup sequence 
it will initiate a series of self-tests. 


Self-Testing 


The automatic internal self-test sequence checks the major circuits 
and verifies that various system functions operate properly. If some 
part of the computer fails to operate correctly, the computer attempts 
to display an error message on your video monitor. Chapter 19 con- 
tains detailed information on the self-tests and error messages. 


Autobooting 


Once the self-tests have been concluded, the computer will autoboot 
(automatically load the operating system) from the first hard disk 
drive (drive C) if your system is configured for this option. Since 
the operating system has not been installed on the hard disk yet, 
the following error message will appear on the screen: 


Not a bootable partition 
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When this message appears, enter the Monitor program, insert your 
MS-DOS SETUP disk in the floppy drive, and boot manually. 


NOTE: If no hard disk is present in the system, and the autoboot 
feature is enabled, the computer will attempt to boot from a floppy 
disk in drive A. 


Entering the Monitor Program 


To enter the Monitor program, press the CTRL (control), ALT (alter- 
nate) and Ins (insert) keys in sequence, hold them down briefly, 
and then release them. A message similar to the following will be 
displayed on your video monitor: 


MFM-300 Monitor, Version x. xx 

Memory Size: xxxK + xxxxK + 64K Cache 
Enter “?" for help. 

> 


Your computer will display version and memory size numbers in 
place of the x’s shown. If for some reason the Monitor prompt does 
not appear on your screen, press the CTRL, ALT, and ENTER keys 
in sequence, hold them down briefly, and then release them. After 
entering the Monitor program using this key combination, the CPU 
register contents and the Monitor prompt (—>) will be displayed on 
the screen in a message similar to the following: 


AX=0EB8 BX=0000 CX=0001 DX=007F SI=0036 DI=035E BP=04C6 SP=04C6 
CS=0070 DS=0040 SS=0EB8 ES=0EB8 IP=0F62 FL= NC PE NA ZR PL DI UP NV 
0070: 062  8BEC MOV BP, SP 


Refer to Chapter 6 for more information on the Monitor program. 
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Booting Manually 


The boot command in the Monitor program can load the operating 
system from either of the two floppy disk drives or any one of four 
hard disk drives (WO through W3). (The base system configuration 
only permits the installation of a maximum of two hard disk drives.) 
Any one of four hard disk partitions (1 through 4) may also be 
specified with this command. The syntax for the boot command is: 


B<drive type><drive number> <:partition number> 


If you attempt to boot from a floppy drive that does not contain 
a system disk, this error message will appear on the screen: 


+++ DISK ERROR: Drive not ready! +++ 


If you attempt to boot from a drive that is not installed in your com- 
puter, one of these error message will appear on the screen: 


+++ DISK ERROR: Bad disk controller! +++ 


+++ DISK ERROR: Drive not ready! +++ 


Loading the Operating System 


The operating system links your application programs or any other 
software with your computer to perform tasks. Either DOS-based 
(such as MS-DOS) or UNIX-based (such as XENIX) operating sys- 
tems may be used with this computer. Consult your service repre- 
sentative for additional information on the operating system best 
suited to your needs. 


Not all operating systems load into the computer in the same way. 
Always follow the start-up instructions provided in your operating 
system manual. In the case of the MS-DOS operating system, follow 
this procedure: 


1. Locate the operating system documentation and floppy disk(s) 
shipped with your computer. Insert the operating system 
SETUP program disk into drive A. Consult your operating sys- 
tem documentation if you are unsure which disk contains the 
SETUP program. 
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2. Use the instructions in the “Booting Manually” section of this 
chapter and manually boot the system from drive A. Drive A 
is identified as FO by the Monitor program. When the opening 
message appears on the screen, the booting process is com- 
plete. 


3. Refer to your operating system documentation as needed and 
follow the instructions provided by the SETUP program. This 
program will help you make back-up copies of the floppy disks 
and install the operating system on your hard disk drive. 


Resetting the Computer 


To verify that the operating system's SETUP program was executed 
properly, take the computer through the autoboot process. Press 
the CTRL, ALT, and DEL keys in sequence, hold them down, and then 
release them. This key combination resets your computer and 
causes it to autoboot if the autoboot configuration option is enabled. 


Installing Internal Options 
Several options are available for your computer to enhance its per- 


formance and customize it for your particular application. These op- 
tions include: 


©@ AZ-416-2 (80287) or a Z-516 (80387) numeric coprocessor. 


e@ AZ-525 cache memory card. 


© AZ-4505 (1 Megabyte) or a Z-515 (4 Megabyte) memory expan- 
sion card. 


® Several drive expansion options, including a 360K floppy disk 
drive, a 40M hard disk drive and an 80M hard disk drive. Consult 
your dealer for the drive expansion option most suited to your 
needs. 
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Most options that you install in your computer are accompanied 
by their own documentation. After using the following installation 
instructions, refer to the option’s documentation for configuration 
and operation information. Before any options can be installed in 
your computer, you must partially disassemble the computer. Refer 
to Chapter 3 for disassembly instructions. 


WARNING 


Potentially lethal voltages are present inside your 
computer whenever the power cord is connected to 
an AC source. Disconnect the power cord and all 
peripheral devices from your computer before at- 
tempting disassembly. 


CAUTION 


Hard disk drives are very fragile and can easily be dam- 
aged. Run the MS-DOS SHIP utility (or other similar 
operating system utility that parks the read/write heads 
of your hard disk drive in the shipping zone) before disas- 
sembling your computers. 


Installing a Circuit Card 


Figure 2-6 shows the locations of the standard and optional circuit 
cards, power supply, and disk drive chassis. To operate correctly, 
the standard circuit cards must remain in their assigned slots. 


1. If your computer has a hard disk drive installed, run the SHIP 
utility . 


2. Remove the cover. Refer to Chapter 3 if you are unfamiliar 
with disassembly procedures. 


3. Use the information in Table 2-2 to select the appropriate slot 
for your new card. Remove and save the screw that secures 
the blank panel or the card in that slot. 
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- PC-COMPATABLE (OPT.) 
- AT-COMPATABLE (OPT.) 
- MEMORY EXPANSION (OPT.) 
- MEMORY EXPANSION (OPT.) 


- SYSTEM MEMORY OR 
MEMORY EXPANSION 

. SYSTEM MEMORY OR 
CACHE MEMORY (OPT.) 

+ CPU 

« INPUT/OUTPUT 

. VIDEO CONTROLLER 

- DISK DRIVE CONTROLLER 


Figure 2-6. Standard and Optional Card Locations 


10 
9 
8 
7 
6 
5 
A, 4 
3 
2 
1 


Table 2-2. Card Slot Assignments 


SLOT CARD 
NUMBER 


Disk drive controller card 

Video controller card 

Input/output card 

CPU card 

System memory or optional cache memory card (Z-525) 
System memory card or optional expansion memory 
Optional expansion memory card 

Optional expansion memory card 

Optional AT-compatible card 

Optional PC-compatible card 
a es 


POONOOAWND = 


o 


4. _ Lift the blank panel or card up and out of the computer. 


5. Refer to Chapter 4 and configure the jumper blocks or 
switches, as necessary. 
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10. 


Position the edge connector of the new card directly over the 
slot on the backplane board. Apply gentle downward pressure 
until the card is firmly seated in the slot on the backplane 
board. 


Secure the card to the chassis using the screw you removed 
earlier. 


Reconnect any internal cables. Make sure they do not extend 
above the top of the disk drive chassis. 


Replace the cover and secure it with the six screws that you 
removed and set aside with the cover when you began disas- 
sembling your computer. 


Reconnect your power cord, video monitor, keyboard, and any 
peripherals to your computer and then to their AC power 
source. 


Installing an Integrated Circuit 


The coprocessor and expansion ROM options require the installation 
of an integrated circuit (IC) onto the CPU card. Use the following 
precautions when handling ICs to prevent damaging them: 


Equalize the static electricity between the work surface and IC. 


Do not lay an IC down or let go of it until it is installed on 
the circuit card or placed in protective packaging. 


Do not attempt to install an IC unless the pins are aligned. Incor- 
rect installation may result in intermittent contact and can dam- 
age the IC pins or the socket. 


If your computer has a hard disk drive installed, run the SHIP 
utility. 


Remove the cover using the procedure in Chapter 3. 
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3. Remove the CPU card from slot 4. Use the information in Table 
2-3 to select the appropriate socket and install the optional 
IC. Figure 2-7 illustrates the location of the optional IC sockets 
and proper installation procedures. 


Table 2-3. Optional IC Locations 
es See 


OPTIONAL IC SOCKET NUMBER 
Expansion ROM (64K) U255 
Z-416-2 (80287 coprocessor) U256 
2-516 (80387 coprocessor) U213 


4. Refer to Chapter 4 for configuration information concerning 
these devices. 


PIN 1 ~~ 80387 


MITT = 7 


| io 
OPTIONAL 


ROM 
SOCKET 80287- 


Figure 2-7. Installing Optional ICs 
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The following procedures describe how to disassemble the com- 
puter. Use these procedures whenever you add optional equipment 
to the computer system. 


CAUTION 


If a hard disk drive is installed in the computer, run the 
MS-DOS SHIP utility prior to disassembly. Failure to do 
so can result in damage to the drive. If you are not using 
MS-DOS, run the equivalent operating system utility be- 
fore disassembly. 


Cover Removal 


WARNING 


Hazardous voltages are present inside the computer 
whenever it is connected to an AC power source. Dis- 
connect the power cord from the AC power source 
before disassembling the computer. 


Refer to Figure 3-1 and perform the following procedure: 


1. 


If a hard disk drive is installed in the system, turn on the com- 
puter and run the MS-DOS SHIP utility. Otherwise, disconnect 
the power cord and proceed to step 3. 


Turn off the computer and disconnect the power cord from 
the AC power source. 


Disconnect all other devices attached to the computer. 


Turn the keyboard-disable lock to the fully clockwise position 
(unlocked). 
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5. Remove the six screws that secure the cover to the unit. 
6. Remove the cover by sliding it toward the front of the computer. 


NOTE: Support the cover to avoid contact with circuit cards, cables, 
or connectors. 


Figure 3-1. Cover Removal 


Circuit Card Removal 
CAUTION 


Turn off the computer and disconnect the power cord 
from the AC power source. 


Refer to Figure 3-2 and perform the following procedure: 
1. | Remove the computer cover as previously described. 


2. Disconnect all internal and external cables from the card to 
be removed. 


3. Remove and retain the support bracket screw, as shown in 
Figure 3-2. 
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4. Disengage the card from its edge connector and remove it 
from the computer. 


NOTE: Electronic components on some cards are sensitive to 
transient static electricity. Observe standard precautions for all cir- 
cuit cards. 


Figure 3-2. Circuit Card Removal 


Auxiliary Fan Removal 
CAUTION 


Turn off the computer and disconnect the power cord 
from the AC power source. 


Refer to Figure 3-3 and perform the following procedure: 
1. Remove the computer cover as previously described. 


2. Disconnect the fan from its electrical connector on the back- 
plane board. 
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3. | Remove the two screws that secure the fan assembly to the 
back panel of the computer chassis. 


4. Lift the fan assembly out of the computer. 


@,  assemécy 
rr 


COMPUTER 


\ 


CONTROLLERS” 
CARD Ns 


Figure 3-3. Auxiliary Fan Removal 


Backplane Board Removal 
CAUTION 


Turn off the computer and disconnect the power cord 
from the AC power source. 


Refer to Figures 3-4 through 3-7 and perform the following proce- 
dure: 


1. Remove the computer cover as previously described. 
2. Remove all circuit cards as previously described. 


3. | Remove the auxiliary fan assembly as previously described. 
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Disconnect power supply connector P1 from backplane con- 
Figure 3-4. Power Supply Connection 


nector P128, as shown in Figure 3-4. 


4. 
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5. 


Disconnect the power supply ground lead from the computer 
chassis, as shown in Figure 3-5. 


Figure 3-5. Power Supply Ground Lead 
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Figure 3-6. Backplane Board Removal 


Remove the ten screws and lift the backplane board out of 


the computer. 


6. 
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NOTE: Observe the placement of the chassis spring and chassis 
spring retainer. Figure 3-7 illustrates the spring and retainer. These 
parts must be replaced when the backplane board is installed. 


Se SPRING PLATE 


Figure 3-7. Spring and Retainer 
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Power Supply Removal 
CAUTION 


Turn off the computer and disconnect the power cord 
from the AC power source. 


Refer to Figures 3-4, 3-5, 3-8, and 3-9 to perform the following proce- 
dure: 


1. Remove the computer cover as previously described. 
2. Remove the auxiliary fan assembly as previously described. 


3. Disconnect power supply connector P1 from backplane con- 
nector P128, as shown in Figure 3-4. 


4. Disconnect the power supply ground lead from the computer 
chassis, as shown in Figure 3-5. 


5. Disconnect power cables from the disk drives, as shown in 
Figure 3-8. 


Ge 


Figure 3-8. Drive Power Connections 


Page 3-10 
Disassembly 


6. Remove the three screws that secure the power supply to the 
back panel of the computer chassis. 


7. Remove the screw (beneath the auxiliary fan assembly) that 
secures the power supply to the bottom of the computer chas- 
sis. 


8. Slide the power supply about one-half inch toward the front 
of the computer. 


NOTE: If one or more hard disk drives are installed in the computer, 
it may be necessary to remove them to allow enough clearance 
for the power supply. Refer to the next section. 


9. Lift the power supply up and out of the computer chassis, as 
shown in Figure 3-9. 


Figure 3-9. Power Supply Removal 
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Disk Drive Removal 


CAUTION 


If a hard disk drive is installed in the computer, run the 
MS-DOS SHIP utility prior to disassembly. Failure to do 
so can result in damage to the drive. If you are not using 
MS-DOS, run the equivalent operating system utility be- 
fore disassembly. 


Up to two floppy disk drives and two hard disk drives may be present 
in the computer. One floppy and one hard disk drive can be mounted 
in each drive support bracket. Removal of the support bracket as- 
sembly allows access to each drive. 


Refer to Figure 3-10 and perform the following procedure: 


1. 


2. 


If a hard disk drive is installed, run the MS-DOS SHIP utility. 


Turn off the computer and disconnect the power cord from 
the AC power source. 


Remove the computer cover as previously described. 


Disconnect the power and control signal connectors from each 
drive to be removed. 


Remove the support bracket assembly screw from the front 
of the computer chassis. 


Slide the support bracket assembly about one-half inch toward 
the back of the computer. 
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Figure 3-10. Disk Drive Removal 


7. Lift the support bracket assembly up and out of the computer 
chassis. 


8. Remove four screws from the appropriate disk drive in the 
support bracket assembly. 


9. Carefully separate the drive from the support bracket assem- 
bly. 


Chapter 4 
Hardware Configuration 


Various types of switches and jumpers provide user-selected contig- 
uration options on the system circuit cards. In addition, MS-DOS 
and the system firmware provide configurable options. This chapter 
describes only the hardware configuration selections available to 
the user. : 


CPU Card 


The CPU card, shown in Figure 4-1, contains two 8-section switches 
and five jumpers. Each of these components has a specific function 
for each switch position and jumper setting. 
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Figure 4-1. CPU Switch and Jumper Positions 


Switches SW201 and SW202, shown in Figure 4-1, determine the 
memory configuration enabled for the computer. The memory con- 
figuration of the computer requires that the first memory board be 
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a Zenith board. Whenever you add a new 32-bit, fast, page-mode 
accessed memory card to the system, reconfigure the corresponding 
switches according to the information in Figure 4-2. 


HEX ADDRESS 
RANGE: 


SW201 SWITCH 
000000 — OFFFFF (Note 1) 
100000 — 1FFFFF 
200000 — 2FFFFF 
300000 — 3FFFFF 
400000 — 4FFFFF 
500000 — SFFFFF 
600000 - 6FFFFF 
700000 — 7FFFFF 


SW202 SWITCH 

800000 ~ 8FFFFF 

900000 — 9FFFFF 

A00000 — AFFFFF 

BO0000 — BFFFFF 
C00000 — CFFFFF 
DO00000 — 1FFFFF 

E00000 — EFFFFF 

F00000 — FFFFFF (Note 2) 


Figure 4-2. Memory Card Base Address Selection 


NOTES: 
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Memory present in the range FOOO0O0 — FFFFFF 
must be Zenith 32-bit memory. 

You may use third-party memory cards provided 
you install them on 1M boundaries that do not con- 
flict with Zenith memory. (Third-party cards may 
NOT occupy the last 1M block.) 

It is not necessary to assign memory to continuous 
1M blocks. 

A Zenith memory card must occupy the first 1M 
block of memory. The 512K — 640K segment may 
be “mapped out” to make this area available to third- 
party cards that use these addresses. 

When a switch is in the OFF position this enables 
the Zenith memory board located in that range. The 
ON position indicates that no memory exists in that 
range, or that a third party memory card is in use 
in that range. 


Table 4-1 describes the various jumper options on the CPU card. 
Figure 4-1 illustrates the factory settings. 


Table 4-1. CPU Card Jumpers 

JUMPER CONFIGURATION OPTION 

NUMBER PINS 1-2 PINS 2-3 

J201 80387 Synchronous 80387 Asychronous” 

J202 80287 Installed* 80387 Installed 

J204 No Coprocessor* Coprocessor Installed 
J207 1M RAM Board Used* Only 4M RAM Boards Used 
J211 Low Speed Coprocessor — High Speed Coprocessor* 
“Factory setting 


J201 — Allows the bus interface unit in the 80387 coprocessor to 
Operate in asynchronous mode with the CPU clock. This is desirable 
when the clock input to the CPU is higher than the manufacturer's 
recommended clock input to the coprocessor. 
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J202 — Disables the system bus data buffers during the coproces- 
sor cycle if an 80387 is present. If the 80287 is present, it will enable 
the buffers. This is necessary since the 80387 connects directly 
to the CPU, while the 80287 connects to the system bus via the 
buffers. 


J204 — Informs the coprocessor interface controller if a coprocessor 
is available so the necessary handshaking operations can take 
place. 


J207 — Selects the page size for Zenith fast, 32-bit, dynamic mem- 
ory. 


J211 — Connects either a 32 MHz or 16 MHz clock to the coproces- 
sor. For the 80287, the system internally divides the clock frequency 
by three, so the actual frequency is either 10.67 or 5.33 MHz. For 
the 80387, the system internally divides the clock frequency by two, 
so the actual frequency is 16 or 8 MHz. 


1/O Card 


The system I/O card, illustrated in Figure 4-3, contains all circuitry 
involved with input and output operations. There are six jumpers 
on this card that the user may configure. Table 4-2 describes the 
functions of these jumpers. 
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Figure 4-3. 
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V/O Card Configuration Jumpers 
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Table 4-2. 1/O Card Jumpers 
—eeeeeeeeeeSSSSMSSSSSSsesesesesesesesSSSSSSSSe 
JUMPER FUNCTION 
ee SSSSS—SSSS 
J301 Monochrome/color adapter select 

Jumper installed: color’ 

Jumper not installed: monochrome 
J302 ACOK enable 

Jumper installed: ACOK generates a non-maskable interrupt, 

if AC power fails." 

Jumper not installed: ACOK'2 
J303 Serial/parallel port address select?* 

Jumper on pins 1 and 2: port LPT2,COM2 selected 

Jumper on pins 2 and 3: port LPT1,COM1 selected’ 
J306 Parallel port interrupt select? 

Jumper on pins 1 and 2: LPT2 interrupt selected 

Jumper on pins 2 and 3: LPT1 interrupt selected’ 
J307 Serial port interrupt select? 

Jumper on pins 1 and 2: CON2 interrupt selected 

Jumper on pins 2 and 3: COM1 interrupt selected! 
J308 Refresh burst mode select 

Jumper not installed: selects normal refresh (non-burst) 

Jumper on pins 1 and 2: Normal refresh selected 

Jumper on pins 2 and 3: four burst refresh selected’ 


NOTES: 


1. Factory setting. 


2. With the jumper in this position the hardware Power Fail check is dis- 
abled. 


3. Jumpers J303, J306, and J307 must all be set for the same pin pairs, 
i.e. pins 1 and 2 or 2 and 3. 


P301 on the I/O card is the connector which supplies contro! signals 
for the key panel on the front of the computer. Figure 4-4 describes 
the signals at this connector. 


. LED POWER 

. AUDIO OUT 

- +5 VDC 

» KYBD INHIBIT 
- GND 


aaron 


Figure 4-4. P301 Connector Signals 
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Memory 


Each system memory card contains one 8-section switch for config- 
uration purposes. Figure 4-5 illustrates a typical system memory 
card. Figure 4-6 illustrates the factory default settings for switch 
Sw401. 


DYNAMIC RAM AGCESS MEMORY 


TOOOouuuL Nooodoood 
OOO800000 OOOOoUsuu 
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MEMORY CARD 


Figure 4-5. System Memory Card 


Figure 4-6. SW401 Default Settings 
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A maximum of four memory cards may reside in the system at one 
time. Switch sections 0 and 1 provide the means for identifying each 
card in the system. Figure 4-7 describes the various switch settings. 


MEMORY CARD DESIGNATION 


Set switch on base memory card (0) to: 
Set switch on first extra memory 


card (1) to: 

Set swilch on second extra memory 
card (2) to: 

Set switch on third extra memory 
Card (3) to: 


EXPANDED MEMORY SPECIFICATION 


Each card can be individually set according to the way 
you want to use the memory on it; however, the first 
memory card will always have either 512K or 640K of 


system memory and only the balance will be EMS if 
EMS is enabled. 


Switch Section 
2 


EMS memory being used 
Not using EMS memory 


BASE SYSTEM MEMORY 


Set the base memory card to reflect your choice of either 
512K or 640K. This setting does not affect the other 
memory cards and on these cards the switch can be 
in either position. 


Switch Section 
3 


Figure 4-7. Memory Configuration Options 
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MEMORY CARD BASE ADDRESS 


In the table below, sections divided by: 


wecweonee denotes a 2-megabyte boundary 
denotes a 4-megabyte boundary 


To determine which setting to use, refer to the 
explanation which follows this table. 


Switch Section 
4 5 6 
Megabyte 
Boundary 


Figure 4-7 (continued). Memory Configuration Options 
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Section 2 of switch SW401 determines whether to use part of the 
available memory as EMS memory. Placing this switch section in 
the ON position allows the system to use up to a maximum of 2M 
per card as EMS memory. How much memory is allocated depends 
on the type of memory card installed in the system: 


@ If you are using a 1M memory card as the system memory 
card, approximately 256K can be used as EMS memory. 


@ If you limit the size of the base system memory to 512K, the 
amount of EMS memory will increase to approximately 384K. 


@ If you are using a 1M memory card as expansion memory, the 
entire 1M of RAM on the card will be assigned as EMS memory. 


@ Ona 4M memory card, the system will reserve 2M of the avail- 
able memory as EMS memory. This allocation will occur regard- 
less of whether you use the card as the base memory card 
or as expansion memory. 


If the EMS option is disabled by placing the switch in the OFF posi- 
tion, all memory above 1M boundary becomes extended memory. 
Extended memory is normally used by RAM disk-type utilities to 
create virtual drives within system memory. The system base mem- 
ory is not affected by the use of EMS memory; the base memory 


card always retains a specific amount of memory for the system 
memory. 


Section 3 of SW401 determines how much memory on the base 
memory card is system memory. If the switch is in the OFF position, 
512K becomes system memory space. If the switch is in the ON 
position, 640K becomes system memory space. 


The remaining switches on SW401 determine the base address for 
each board. New memory cards must be installed on 1M memory 


boundaries. Refer to Figure 4-7 for the switch settings and the mem- 
ory boundaries. 
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System Cache Card 


The optional system cache card provides increased system 
throughput whenever the CPU must access system memory. The 
card is designed to be transparent to the system as well as to the 
user. The design of the card is fixed and there are no user-selectable 
options. 


Floppy/Winchester Controller Card 


The controller card connects the floppy and hard disk drives with 
the rest of the computer. The controller card controls the transfer 
of data to and from the drives. The controller card supports up to 
two floppy disk drives (either 360K or 1.2M) and two hard disk drives 
(either 40M or 80M). The jumpers on the controller card are preset 
by the manufacturer and should not be changed. Figure 4-8 illustra- 
tes the controller card and jumpers. 


JUMPER 
INSTALLED 


ute. 


CONTROLLER CARD 


NO JUMPERS INSTALLED 


Figure 4-8. Drive Controller Card 
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Disk Drives 


This computer system can accommodate several drive types. Most 
drives allow the user to set the device number on the drive. This 
is done so that systems using more than one drive can correctly 
address the appropriate drive during read and write operations. If 
a second drive is added to the system, its drive address is normally 
selected via an address selection jumper on the drive. 


In IBM-PC computer systems, and most compatibles, including this 
computer, that is not the case. In this computer, drive addressing 
is accomplished using a special wiring arrangement within the disk 
drive cables. The drive address jumpers are set to the same address 
for all similar drives in the system. If you add additional drives to 
the system, make sure that the address jumpers are set properly. 
All drives in this computer system are addressed as drive unit 
number one. The following sections describe these configuration 
options. 


Floppy Drives 


Three different types of floppy disk drives can be installed in this 
computer. A number of different manufacturers supply the various 
drive types. The following figures illustrate the most commonly used 
drives. 


A slight modification may be required if you are using a standard 
5.25-inch 360K (Z-207-7) floppy drive. If you install this type of drive 
as the second drive in the computer, you will need to open the 
signal line at pin 34 of the drive connector. Figure 4-9 illustrates 
this modification. Select the illustration which most closely resem- 
bles the drive you have and make the modification. 
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DRIVE TYPE 


4 B 
REMOVE fiiiiiiny 
R75 
DRIVE TYPE |RESISTOR 
A TERMINAION ce TYPE 


4 
cut a 
RESISTOR —p SE pecan apee | 
TERMINATION Gru] 1 ) RESISTOR 
PACK <5 


RESISTOR | 
TERMNATION 


REMOVE =SGet 
i 


Figure 4-9. Optional Drive Modification 
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Figure 4-10 illustrates the address jumper location on a typical 5.25- 
inch, 360K floppy disk drive. 


Figure 4-10. 5.25-Inch 360K Drive 
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Figure 4-11 illustrates the address jumper location of a typical 5.25- 
inch, 1.2M floppy disk drive. 


Figure 4-11. 5.25-Inch 1.2M Drive 
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Figure 4-12 illustrates the address jumper location on a typical 3.25- 
inch, 720K or 1.4M micro-floppy disk drive. 


DRIVE 


2 1 3 SELECT 
Fin iSG JUMPER 


iui Ae 


Figure 4-12. 3.25-Inch 720K Drive 


NOTE: The resistor terminating pack must be moved to the last 
drive on the cable when adding additional drives. 


Each floppy disk drive is equipped with a number of jumpers that 
are used to configure different operating parameters for the drive. 
Specific information on these jumpers can usually be obtained from 
the data sheets published by the drive’s manufacturer. Figures 4-13 
through 4-16 illustrate the different types of circuit cards found on 
the floppy drives and the configuration jumper settings for each. 
Locate the figure that most closely resembles the drive you are 
using and verify that all jumpers are in the indicated positions. 
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NOTE: The configuration settings used in Figures 4-13 through 
4-16 are only valid for 5.25-inch form factor drives. If you are using 
a 3.5-inch form factor drive, refer to the instructions that came with 
it. 
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Figure 4-13. Drive Type A Configuration Settings 
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RESISTOR 
TERMINATION 


Figure 4-14. Drive Type B Configuration Settings 


RESISTOR 
TERMINATON 


Figure 4-15. Drive Type C Configuration Settings 
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Figure 4-16. Drive Type D Configuration Settings 
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Fixed Hard Disk Drives 


Hard disk drives, like floppy disk drives, come in a variety of sizes 
and data storage capacities. The same addressing procedure is 
used as with floppy disk drives: the drive cables are modified to 
properly set the drive addresses. 


Figure 4-17 illustrates a typical 5.25-inch, half-height, 20 megabyte 
hard disk drive. The figure shows the location of the drive address 
jumpers and the resistor terminating pack. As with floppy drives, 
the terminating pack must be moved to the last drive on the cable. 


RESISTOR 
PACK 


Figure 4-17. 5.25-Inch 20M Drive 
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Figure 4-18 illustrates a typical 5.25-inch, full-height, 20 or 40 mega- 
byte hard disk drive. 


RESISTOR 
PACK 


Figure 4-18. 5.25-Inch 20M/40M Drive 
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Figure 4-19 illustrates a typical 5.25-inch, full-height, 40- or 80- 
megabyte hard disk drive. 
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TERMINATION 
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DRIVE ADDRESS 
SELECTION JUMPER 


Figure 4-19. 5.25-Inch 40/80M Drive 


Removable Cartridge Hard Disk Drives 


Removable cartridge hard disk drives combine the features of floppy 
and hard disk drives. Like a floppy disk drive, the media may be 
removed from the drive. Like a hard disk drive, the total storage 
capacity of the drive is much larger than on a standard floppy disk. 
For all practical purposes, though, these drives should be consid- 
ered the same as standard hard disk drives. Figure 4-20 illustrates 
a typical removable cartridge hard disk drive. 
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Figure 4-20. Removable Cartridge Drive 


NOTE: When installing an additional hard disk drive it may be 
necessary to run the PREP and PART utilities in the operating sys- 
tem to prepare the drive for use. Refer to your operating system 
manual for the correct procedures. 
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Video System 


This computer comes equipped with a 31 kHz enhanced video dis- 
play card. This video card supports the common PC-compatible dis- 
play standards by emulating the Color Graphics Adapter (CGA), 
the Enhanced Graphics Adapter (EGA), the Monochrome Display 
Adapter (MDA) and the Hercules Graphics Card (HGC). In addition 
to the usual modes, this card provides a 640 x 480 enhanced video 
mode. Two independent output connectors are available, one for 
31 kHz analog display systems, the other for the usual EGA, CGA, 
and TTL monochrome displays. Figure 4-21 illustrates the video 
card and the switch and jumper locations. The connector pinouts 
for the video card are described in Chapter 2 of this manual. 


Figure 4-21. 31 kHz Video Switches and Jumpers 
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CAUTION 


The video card in this computer can only be used with 
either TTL- or analog-level display monitors. If section 
6 of the video configuration switch is in the OFF position, 
only TTL-level monitors should be connected to the card 
using the 9-pin connector. If section 6 is in the ON posi- 
tion, only monitors that support 31 kHz analog signals 
should be connected to the 15-pin connector. DO NOT 
leave TTL-level monitors connected to the 9-pin connec- 
tor during 31 kHz operation. Use of any other type of 
monitor or incorrect use of the monitor may result in dam- 
age to the monitor, the card, or both. 


The 6-section DIP switch, in conjunction with jumpers P1 and P3, 
determines the mode of operation selected for the card. Table 4-3 
describes the available options. Only switch sections 1 — 4 are 
necessary for configuration of the basic monitor modes. 


The card comes pre-configured to drive either the ZCM-1390 or 
the ZCM-1490 monitors. If you are using either of these monitors, 
no action is necessary. 


Switch section 5 sets automode on or off. Automode will automati- 
cally switch the display output of the video card between CGA or 
EGA modes. This mode will also automatically switch between MDA 
and HGC modes on a monochrome monitor. 


Switch section 6 enables the 31 kHz display mode of this video 
card. When this mode is enabled, only an analog RGB monitor with 
a 31 kHz bandwidth can be used with the card. A separate 15-pin 
output connector is supplied for this type of monitor. If this mode 
is enabled while a standard or monochrome monitor is connected 
to the 9-pin connector, damage could result to the monitor, the card, 
or both. 


The video card can display a 3-, 14-, or 16-level gray scale on 
a monochrome monitor. Using an enhanced color monitor, the card 
can display up to 16 colors at a time from a palette of 64 different 
colors. 
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Table 4-3. Video Option Selections 


SWITCH JUMPERS 


MONITOR DISPLAY CONNECTOR 

ZVM-1330 CGA (15.70 kHz) 9-pin 

or other (Color Graphics On 

CGA monitor Adapter) on 
OFF 
OFF 

ZVM-1380-C EGA(Enhanced 9-pin 

or other Video RGBI/ 

EGAmonitor RGBrgb) 

ZVM-1470-G EGA(Enhanced 9-pin 

or other Video RGBI/ 

EGA monitor RGBrgb) 

ZVM-1240 MDA (TTL 9-pin 

or other monochrome 

MDA monitor — display) 

ZCM-1390* 480 Line 15-pin 

or other VGA-like 

VGAmonitor display 

ZCM-1490* 480 Line 15-pin 

or other VGA-like 

VGA monitor display 

ZMM-149 480 Line 15-pin 

or other VGA-like 

monochrome monochrome 

monitor display 

“Factory settings 


Swi 


P41 P3 


321 321 
321 321 


321 321 
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Video Drivers 


A number of software applications can take advantage of the en- 
hanced performance of this video card by using a video driver pro- 
gram. A number of driver programs are provided with this computer 
system. Along with the programs, which are contained on a disk, 
are instructions describing the programs and how to use them. 
Please refer to these instructions before attempting to use the video 
drivers with any of your software. 


Chapter 5 
Operation 


This chapter describes the keyboard functions, how to use the 
firmware-driven Setup/Configuration program, and how to get the 
system booted. Information about the MS-DOS operating system 
is not covered in this chapter. If operating system information is 
required, refer to the MS-DOS user and reference guides supplied 
with your computer. 


Keyboard 


The keyboard features 101 keys that provide alphanumeric and con- 
trol operations. Alphabetic keys are arranged in the standard 
QWERTY layout. Numeric keys are positioned in a separate keypad 
on the right side of the keyboard and along the top of the alphabetic 
key group. 


Control keys include the cursor keys, the screen control keys, and 
other special keys. There are also 12 function keys along the top 
of the keyboard that can affect system control. Figure 5-1 illustrates 
the layout of this keyboard. 
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Figure 5-1. 101-Key Keyboard 
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Every key on the keyboard except the PAUSE/BREAK key has an auto- 
repeat feature. This means that if a key is pressed and held, it 
will begin to repeat up to a maximum rate of 30 cps. This feature 
is most useful with keys that move the cursor, like the DELETE key, 
the ENTER/RETURN key, the space bar, and the arrow (cursor control) 
keys. The auto-repeat repetition rate is programmable; refer to 
Chapter 8 for more information. 


All keys, except the SHIFT keys, CTRL (control), and ALT (alternate) 
keys, have audible feedback, that is, they make a clicking sound 
when pressed. This feature can be toggled on or off by pressing 
the ALT-tilde (~) key combination. 


NOTE: You may encounter some software programs that do not 
support all of the special features of this advanced keyboard. 


The following section provides a brief description of the al- 
phanumeric and system control keys. For information on keyboard 
programming, key codes, or scan codes, refer to Chapter 8. 


Alphanumeric — This block of keys contains the alphabetic charac- 
ters, numerals, punctuation marks, and spaces. Refer to Figure 5-2. 


Figure 5-2. Alphanumeric Keys 


Caps Lock — The active state of this key shifts alphabetic charac- 
ters to capital letters. If this key is used in conjunction with the SHIFT 
key, lowercase letters can be produced. A light on the top of the 
CAPS LOCK key indicates the active state when lit. 
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Enter/Return — The ENTER/RETURN key is used to return the cursor 
to the left side of the display (software usually moves the cursor 
to the next line). Also, pressing the ENTER/RETURN key after data 
or instructions have been entered tells the computer to process 
them. 


Tab — Pressing this key moves the cursor to the next tab setting. 


Space bar — Pressing the space bar enters a blank character 
(space). 


Back space — The BACK SPACE key moves the cursor back one 
space. In many software programs, pressing the BACK SPACE key 
also erases characters as it moves the cursor to the left. 


Shift — There are two SHIFT keys on the keyboard, one on the 
right side and one on the left. Normally, when a SHIFT key is pressed, 
capital letters, symbols, and extra punctuation marks are generated. 
However, if the CAPS LOCK key is active, pressing the SHIFT key 
causes the letter keys to generate lowercase letters. The left and 
right SHIFT keys generate different codes. Some programs may be 
written to specifically recognize either key. 


Ctrl (Control) — There are two CTRL keys, one on the right side 
of the keyboard and one on the left. The CTRL keys are the most 
commonly used method for entering system commands. Normally, 
the CTRL key is pressed and held, and then another key or keys 
are pressed. The CTAL key is often symbolized by a caret ( ft). The 
left and right CTRL keys generate different codes. Some programs 
may be written to specifically recognize either key. 


Some of the commonly used CTAL key combinations are: 


CTRL-ALT-DEL — When the CTAL key and ALT key are pressed 
and held and the DEL (or DELETE) key is then pressed, the com- 
puter executes the same initialization process as when it is 
first turned on. This is also known as resetting or warm booting. 
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CTRL-ALT-RETURN/ENTER — This key combination is similar to 
CTRL-ALT-DEL except this sequence allows the user to return 
to the program just exited. This feature is useful for running 
the Monitor-based debugger when developing software. Using 
this sequence can result in problems; refer to Chapter 6 for 
a detailed discussion. 


CTRL-ALT-INS — When the CTRL and ALT keys are pressed and 
held and the INs (or INSERT) key is pressed, the computer bran- 
ches to the Monitor program. Since the computer is not actually 
reset, you can boot from an alternate drive using Monitor com- 
mands, even though the computer is set to autoboot. 


CTRL-S — When these keys are pressed, output on the display 
pauses until you press another key. This feature is useful when 
scrolling large text files. To resume the scrolling action, press 
the CTAL-Q key sequence or any printable character key. 


CTRL-NUM LOCK — This key combination halts the computer until 
you press another key. 


CTRL-SCROLL LOCK — When these keys are pressed, any Monitor 
program command in progress ends and the computer returns 
to the Monitor prompt (->). 


Alt (Alternate) — There are two ALT keys, one on the right side 
of the keyboard and the other on the left. The ALT keys are similar 
in operation to the CTRL keys and are used the same way for entering 
commands; however, they are used far less frequently. The left and 
right ALT keys generate different codes. Some programs may be 
written to specifically recognize either key. 


NOTE: The SHIFT, CTRL, and ALT keys are always used with other 
keys. They perform no function when used alone. The side-by-side 
arrangement of the CTRL and ALT keys on both the right and left 
side of the keyboard makes it convenient to use these keys in combi- 
nation with other keys. 


The cursor control keys and the calculator keypad make working 
with spreadsheet software programs easier. For example, the sepa- 
rate cursor control and keypad sections allow for efficient entry of 
numeric data. 
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There are two sets of HOME, END, PAGE UP (PGUP), PAGE DOWN, (PGDN), 
and arrow (cursor control) keys. One set is on the factored screen 
control key section; these key functions are always active. The other 
is in the calculator keypad section and these functions are only ac- 
tive when the NUM LOCK key is inactive (or the SHIFT key is active 
while the NUM LOCK key is active). Figure 5-3 illustrates these keys. 


FROG 


SCREEN CONTROL 


CALCULATOR KEYS 


Figure 5-3. Screen Control and Calculator Keypad Keys 


Some software programs may not allow all functions to be performed 
using the separate arrow keys and the keys immediately above them 
(INSERT, DELETE, HOME, PAGE UP, etc.). In these cases, it may be 
necessary to use the corresponding keys in the calculator keypad. 
These keys are defined in the following section. 


Arrows — The two sets of arrow keys indicate the direction in which 
they move the cursor in most applications programs and in the 
operating system. The arrow keys make it easy to position text in 
word processing programs or to quickly enter cell values in spread- 
sheet programs. 


Home — In many programs, pressing the HOME key moves the cur- 
sor to the upper-left corner of the screen. With spreadsheet pro- 
grams, pressing the HOME key usually moves the active cell indicator 
to the upper-left corner of the spreadsheet. 
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End — The Eno key is typically used by applications programs to 
move the cursor to the lower-right corner of the screen display. In 
some spreadsheet programs, pressing the END key moves the cell 
indicator to the most remote cell. 


Page Up/Pg Up and Page Down/Pg Dn — These keys are used 
by many programs to move the cursor up or down a certain number 
of lines. 


Insert (Ins) — These keys allow you to enter the insert mode. In 
certain word processing programs, the insert mode determines 
whether text you type pushes existing text aside to make room (on), 
or simply types over and replaces existing text (off). To enter the 
insert mode, press the INSERT (or INS) key; to exit the insert mode, 
press the key again. When used simultaneously with the CTRL and 
ALT keys, the INSERT (or INS) key can also be used to return the 
computer to the Monitor prompt. 


Delete (Del) — In some application programs, you can backspace 
and erase the character to the left of the cursor by pressing either 
of these keys. When used simultaneously with the CTRL and ALT 
keys, DELETE (or DEL) is used to reset the computer. 


Num Lock (Number Lock) — When the computer is turned on, 
the LED on this key is lit. It indicates that the number keys and 
decimal point on the calculator keypad are active. However, if either 
SHIFT key is pressed when NUM LOCK is active, the number keys 
will become inactive. To turn this feature off (and on again), press 
the NUM Lock key. The LED will go out and the cursor control func- 
tions and INs and DEL keys will be active. 


There are 12 function keys for increased automatic operation, three 
dedicated function control keys, and an ESC (escape) key along the 
top row of the keyboard. The following paragraphs describe these 
keys and Figure 5-4 illustrates their location. 
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RIE 
Oo 
O80 


Figure 5-4. Function Keys 


Esc (Escape) — The Esc key is typically used to discontinue pro- 
gram execution. It is isolated from the other keys so it is less likely 
to be inadvertently pressed. The ESC key also performs special 
duties when used in combination with another key in some applica- 
tions. 


F1 through F12 — The function keys are used for special purposes 
by some programs. For example, in most word processing pro- 
grams, the function keys perform such functions as indenting, setting 
right and left margins, underlining, and boldfacing type. 


The function keys have special capabilities in the MS-DOS operating 
system. For example, function key F3 allows you to reuse all or 
part of a previously-entered command. (For further information, refer 
to the MS-DOS User's Guide.) 


NOTE: In some older software programs, the F11 and F12 keys may 
not perform any function. 


Print Screen/System Request — When this key is pressed all 
ASCII information appearing on the screen is sent to the printer. 
This function only operates when the system is in the MS-DOS com- 
mand mode. The printer must be on, on line, and have paper ready. 
If not, the computer pauses until the printer is made ready. If you 
want to print graphics or special characters, refer to the Print Screen 
command in the MS-DOS User's Reference. SYSTEM REQUEST is used 
in conjunction with the ALT key and is similar to the BREAK key. It 
is usually defined by the program that is using it. 
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Scroll Lock — In some spreadsheet programs, this feature allows 
the cursor to remain stationary while the screen scrolls. When inac- 
tive, the cursor can be moved while the screen remains stationary. 
To activate this feature, press the SCROLL LOCK key. The LED indi- 
cator will light. To cancel the feature, press the key again. When 
the SCROLL LOCK key is used with the ALT key, it empties the system's 
type-ahead buffer. 


Pause/Break — When this key is pressed, it freezes the display 
of text on the screen. If you enter an MS-DOS tyPE command, for 
example, the text of the file rolls up the screen faster than you can 
read it. Pressing the PAUSE key will stop it temporarily. Pressing 
any other key will allow it to resume. 


AT/XT Compatibility 


This advanced keyboard operates with AT-compatible or XT- 
compatible computers by simply changing the position of a switch 
located under the keyboard nameplate. In this computer, the key- 
board is configured for operation as an AT-compatible keyboard. 
DO NOT switch the keyboard to the XT mode while it is being used 
with this computer. 


You may, however, use the keyboard with an XT-compatible com- 
puter by switching to the XT mode. To do this, gently remove the 
keyboard nameplate using a flat-bladed screwdriver or similar tool. 
Place the switch in the XT position and replace the nameplate. Refer 
to Figure 5-5. 


Figure 5-5. AT/XT Compatibility Switch 
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Keyboard Adjustment 


You can adjust the tilt of the keyboard so that it is at the most 
comfortable angle for you. To increase the tilt, raise the feet on 
the bottom of the keyboard. To decrease the tilt, place the feet in 
their closed position. Refer to Figure 5-6. 


Figure 5-6. Keyboard Adjustment 


Using the Setup/Configuration Program 


The Setup/Configuration program reports the system configuration 
to the computer's CPU. You can set the time and date, enter the 
amount of memory installed in the computer, choose the boot drive, 
enter the type of video card, and determine the number and type 
of floppy and hard disk drives installed in the system. A special 
entry will slow down the speed of the computer as required for time 
dependent applications. All of the entries are made from the key- 
board instead of setting hardware switches and installing jumpers. 


Once information is entered in the Setup/Configuration program, it 
is retained in non-volatile memory. If you change the configuration 
of the computer or if you replace the battery on the backplane, you 
must update the Setup/Configuration program. 


To access the Setup/Configuration program: 


1. Press and hold the cTAL and ALT keys and then press the INS 
(or INSERT) key. After a short delay, the Monitor program prompt 
(—>) will appear on the screen. 
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2. Type SETUP and press the ENTER/RETURN key. You will see 
a display similar to the one illustrated in Figure 5-7. 


> 
Z-300 Hardware Setup/Configuration Progran 
-—_————— 
Time: 01:21:50 DST: Enabled Operating Speed: Slow Fast Smart 


Date: 01/01/1987 Disabled 


Hard Disk Drive o: Drive Type 2 


Media Type: Fixed 


Cylinders: 615 Heads: 4 
Ship Zone: 615 Sectors: 17 
Precomp: 300 Capacity: 21M 


Base Menory Size: 640K bytes 
Expansion Memory: 1024K bytes 


Floppy Drive 0: 1.2M None 
Floppy Drive 1: 1.2M None 


Boot Drive: 


Floppy Drive 0 

Hard Disk Drive 0 
Floppy then Hard Disk 
Enter MFM-300 Monitor 


Hard Disk Drive 1: -Not Present- 


Media Type: N/A 


Cylinders: Heads: 
Ship Zone: Sectors: 
Precomp: Capacity: 


Video Display: Color Card: 40x25 
Color Card: 80x25 
Mono. Card: 80x25 
Enhanced Graphics 
Video Refresh Rate: 50 Hz 60 Hz 


Enter Current Time As HH:MM:SS In 24 Hour Format 
Use Space/Backspace to select values, Arrows to move, Ese when done 


Figure 5-7. Setup Menu 


The reverse-video images you see on the display are the factory 
selections in each “field”, or group of options. The directions you 
need to proceed through the program are located at the bottom 
of the display. These directions change as you go through the pro- 
gram. 


When you enter the time and date, use the number keys to type 
in the time and date the Enter/Return key to lock in the selection. 
If you happened to enter incorrect information, use the BACKSPACE 
key to return to the position where you made the mistake, then 
type over it. 


Time — The time is entered in a 24-hour format. (it is not necessary 
to type the colons, they are entered automatically): 


XX:XX:XX 
hour minutes pastthe hour —_ seconds into the minute 
(01-24) (00-59) (00-59) 
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Date — The date is entered in the following format (it is not neces- 
sary to type the slashes, they are entered automatically): 


XX/XX/XX 
month day year 
(01-12) (01-31) (198X) 


In the remaining fields, use: 
e@ The arrow keys to move from one field to another. 


@ The space bar and BACKSPACE keys to make a selection in the 
field. The selection is activated when you move to another field. 


e@ The Esc key to exit from the program when all information has 
been correctly entered. 


Base Memory Size — Choose the size of the base memory in 
the computer. If you increase the amount of base memory, change 
this entry accordingly. 


Expansion Memory — If this entry reads “OK Bytes” (zero kilobytes) 
it indicates base memory only. Whenever expansion memory is 
added to the system change this entry accordingly. The selections 
range from OK to 15360K in increments of 64K. 


Floppy Drive 0 — Indicate the size of the first floppy drive in this 
field. This computer is shipped with a 1.2M drive as the first drive 
in the system. If a different type of drive is used, enter the correct 
data in this field. 


Floppy Drive 1 — If you add a second floppy drive to the system, 
enter the size of the drive in this field. 


Boot Drive — Select the drive that you want the computer to auto- 
boot from. There are four choices: boot from floppy; boot from hard 
disk; boot from floppy if present, if not, boot from hard disk; or boot 
to the Monitor program. If you choose to have the computer access 
its Monitor program you can manually boot to any valid drive (A, 
B, C, etc.) 
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Video Display — Select the entry that describes the character dis- 
play of the video card in the computer. If an optional high-resolution 
monochrome display adapter is installed in the computer and you 
plan to use it as the default display, select “Mono. Card”. 


Video Refresh Rate — Select the entry that describes the power 
line frequency in your area. In the United States, it is typically 60 
Hz. If the setting is incorrect, the video display will flicker. 


Operating Speed — Select the entry that describes the speed char- 
acteristics you wish to use. Normally, the fast mode is selected. 
However, some programs may require a slower input/output speed 
in order to run. The Smart mode slows the computer down for the 
inpuVoutput operations, but allows the fast speed for other opera- 
tions. If the program still does not run Properly, it may require the 
slow mode. This mode slows down the complete operation of the 
computer and may be necessary for some programs. 


Hard Disk Drive 0 — Depending upon the model you have, your 
system has either a 20-, 40-, or 80-megabyte hard disk drive. This 
Section of the Setup/Configuration program menu reflects the 
specifications of various drive types. The window below the highligh- 
ted drive type lists the drive parameters. The capacity entry in the 
window displays the actual formatted capacity of the drive, even 
though it is often referred to as either a 20-, 40-, or 80-megabyte 
drive. 


Hard Disk Drive 1 — If you install a second hard disk drive, refer 
to Table 5-1. This table lists a number of different drives and the 
corresponding type number. When you install a drive, the type selec- 
tion must match the parameters of your drive. You may review the 
different drive types available by pressing the space bar or the BACK 
SPACE key. Pressing the ENTER key will select the highlighted option. 
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Table 5-1. Hard Disk Drive Types 
CAPACITY MANUFACTURER MODEL DRIVE SIZE 
10M MiniScribe 2012 1 
10M CMI §412 1 
10M Seagate 412 1 
20M Seagate ST-225 2 
20M Seagate 4026 2 
20M CDC 94155-28 2 
20M Seagate ST-225-2 2 
20M Tandon TM-262 33 
20M MiniScribe 8425 34 
20M Lapine TITAN 3532 15 
30M Hitachi DK511-3 3 
40M Hitachi DK511-5 7 
40M CDC 94155-48 10 
40M Seagate ST-4051 16 
40M CDC 94205-51 43 
80m CDC 94155-86 39 
80M MiniScribe 6085 40 
80M MicroScience HA-1050 41 


When you enter the drive type number, the information about your 
drive will be shown on the screen. If you install a drive that is not 
listed in the table, you will have to step through the drive types 
on the menu until the displayed information matches the specifica- 
tions of your drive. 


When you have completed all the changes to the Setup/Configura- 
tion program and it accurately reflects your system, press the ESC 
key. The computer will display the following prompt: 


Are You Done Making Changes <Y/N>? 


If you are satisfied with your selections, press the Y key for “yes” 
and then press ENTER/RETURN. Your entries will be saved and the 
computer will perform the boot-up procedure you selected. 


If you do not wish to save the changes you made, press the N 
key for “no” and then press ENTER/RETURN. The original entries will 
remain in effect. Press the ESC key to return to the Monitor prompt 
(->). 
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System Boot Procedure 


When this computer is shipped from the factory, the Setup/Config- 
uration program is set to boot from the hard disk drive. However, 
there is no program on the hard disk. Since the attempted boot 
procedure fails, the following error message will appear on the video 
display: 


Partition not found 


This message simply means that the boot procedure failed because 
no program information was available on the hard disk. At this point 
the system is halted. 


To continue, press the CTRL-ALT-INS key combination. The computer 
will enter the Monitor program and display the ROM version number 
and Monitor prompt (->). At this point, refer to your MS-DOS 
documentation and place disk 1 in floppy drive A. Be sure to close 
the disk drive latch or the drive will not respond to system com- 
mands. To boot from the floppy disk, type bf and press ENTER/RETURN. 
The computer will access floppy drive A and attempt to read the 
operating system program from the disk. 


After the program has been read, the video monitor will display some 
type of opening message or prompt. For example, the MS-DOS 
operating system will display its version number, prompt you to enter 
the correct date and time, and then display its operating system 
prompt (A>). to use the operating system, follow the instructions 
in the operating system manual. These directions will help you confi- 
gure the computer to your requirements. 


Part II 
System Programming 


Chapter 6 


The Monitor Program and 
Programming with Interrupts 


This chapter provides an overview of the Monitor program and its 
operation. Each time the computer is turned on a number of system 
interrupts become available for use. Chapters 7 through 11 explain 
each interrupt. 


The Monitor Program 


The Monitor program, MFM-300, maintains a high level of software 
compatibility with desktop PC-compatible computers. This is largely 
done through the use of firmware-established interrupts for most 
control and input/output routines. The Monitor program also contains 
self-tests that are performed each time the computer is turned on. 
Additional routines provided in the Monitor program are user- 
executed tests, video commands, disk boot routines, and a machine 
language debugger. The program also controls the Setup/Configura- 
tion program. Chapter 5 contains more information about the Setup/ 
Configuration program. 


The Monitor program does not use the full capabilities and power 
of the 80386. In order to maintain compatibility with earlier Zenith 
hardware and firmware releases, MFM-300 operates identically to 
earlier firmware. This means that the Monitor program treats the 
80386 as if it were an 8088 and all registers and status flags reported 
by the program are as they appear in an 8088. Since the 80386 
duplicates these registers and flags, the reported information is cor- 
rect. However, the 80386 also has extended register and flag 
capabilities that the Monitor program does not support. This reduces 
the usefulness of the Monitor program, but it does provide a user 
interface consistent with earlier systems. This chapter covers only 
the capabilities of the Monitor program. Chapter 12 of this manual 
contains additional information on the 80386 microprocessor from 
a programmer's standpoint. 
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Autoboot 


During the power-up sequence, the Monitor program performs a 
number of tests to make sure the computer is ready to function. 
This includes a self-test of all major circuits in the system. In addition, 
the Monitor program initializes all circuits and synchronizes the disk 
drive heads with the rest of the system. If the system detects a 
malfunction, one or more messages will appear on the system's 
display to alert the operator of a problem. Chapter 19 contains de- 
scriptions of these messages. Refer to this chapter for any problems 
you experience with the computer. 


When all power-up tests are complete, the computer will attempt 
to boot the operating system in one of two ways. If the computer 
is equipped with a hard disk drive, it will attempt to load sector 
1 of track 0 into memory and execute it. If an operating system 
has been installed on the drive, the computer will boot automatically. 
Users often refer to this process as autoboot. 


If the computer only has floppy disk drives, it will attempt to load 
sector 1 of track 0 from the disk in drive A into memory. If no disk 
is in drive A, you have approximately 10 seconds to load a bootable 
disk into the drive. If the disk in drive A is a bootable operating 
system disk, then the computer will boot. 


If the autoboot operation is unsuccessful in either case, an error 
message will be displayed. Refer to Chapter 19 for an explanation 
of the error message. The MS-DOS documentation describes how 
to prepare a floppy or hard disk system to boot MS-DOS. 


There are two ways to gain access to the Monitor program. To defeat 
autoboot, press the Esc key after the system is first turned on. The 
system will display the Monitor prompt (—>). To reach the Monitor 
Program after the operating system has been loaded, press CTRL-ALT- 
INS. The Monitor program opening message, similar to the following, 
will be displayed. 


MFM-300 Monitor, version 1.9 
Memory Size: 640K 

Press "?" for help. 

> 
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NOTE: The version number will vary from the one printed in this 
example. Also, most desktop computers will contain 640K of system 
RAM; those that do not will display the actual amount of memory 
present. 


A third method is available to access the Monitor program. This 
method allows you to access the Monitor program, perform opera- 
tions within the Monitor program, and return to the operating system 
without rebooting the computer. In order to access the Monitor pro- 
gram in this manner, press the CTRL-ALT-RETURN keys. The Monitor 
prompt will be displayed in the normal fashion. When you are ready 
to return to the operating system, press the G key followed by the 
RETURN key. You may now proceed with normal operating system 
functions. 


NOTE: Some programs do not follow MS-DOS conventions during 
execution. Using this method to return to the Monitor program may 
leave certain system registers in unexpected or undefined states. 
This could result in strange or unexpected results when you attempt 
to return to the operating system. Always make sure that important 
material is properly saved prior to implementing this command. 


The Monitor program has six basic features. These features include: 
automatic power-up self-tests, user-executed tests, video com- 
mands, disk boot routines, the machine language debugger, and 
the basic input/output system. The rest of this chapter covers the 
last four topics. Chapter 19 contains a discussion of the error mes- 
sages generated by the self-tests and the user-executed tests. 
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User Commands 


When the Monitor prompt (->) appears on the display, you may 
enter commands for the Monitor program. To display the Monitor 
command summary, enter a question mark and press the RETURN 
key. A display similar to the one shown in Figure 6-1 will appear. 
A discussion of each command option follows Figure 6-1. 


— MFM-300 Command Summary - 


CMD: Explanation Syntax 

Help 2 

B Boot from disk B ({F | W)}{0] 1] 2] 3}) [- <partition>] 

c Color Bar c 

D Display memory D [<range>} 

E Examine memory E <addr> 

F Fill memory F <range>,{<byte> | "<string>"}... 

G Execute (Go) G [=<addr>] [,<breakpoint>]... 

H Hex math H <number!>, <number2> 

I Input from port I <port> 

M Move memory block M <range>, <dest> 

0 Output to port 0 <port>, <value> 

R Examine Registers R [<register>] 

s Search memory S <range>, {<byte> | "<string>"}, .. 

T Trace program T [<count>] 

U Unassemble program U [<range>] 

Vv Set Video/Scroll V_[M<mode>] [S<scrol1>] [100] [300] 
Where <range> is: <addr>{, <addr> | L<length>} 


TEST Extended diagnostics TEST 
SETUP Define Hardware Setup SETUP 


Copyright (C) 1987, by Zenith Data Systems 


Figure 6-1. MFM-300 Command Summary Menu 
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Video Commands and Disk Boot Routines 


The Monitor program contains three video-related commands and 
one general-purpose disk boot command. These are summarized 
in Table 6-1 and described in the following paragraphs. 


Table 6-1. Video and Disk Commands 
A a eR SSN UNS ee ee ee 


COMMAND DESCRIPTION SYNTAX 

? Help 2 

Cc Display color bar Cc 

Vv Set video/scroll mode V_ [M<mode>][S <scroll>][100][300] 
B Boot disk BF | WIf0 | 1 | 2 | 3][:Partition] 
Help 

Syntax: ? 


Example: ? RETURN 


Use the help command to display a summary of the Monitor program 
commands. The summary contains a list of each Monitor program 
command, followed by its title and the syntax for entering the com- 
mand. If you enter the example as shown, the system will display 
the command summary illustrated in Figure 6-1. 


Display Color Bar 

Syntax: Cc 

Example: C RETURN 

The color bar command will display 16 color bars on a color display 
or three bars on a monochrome display. You can use this display 


to adjust a color or monochrome CRT monitor. If you enter the exam- 
ple, the screen will clear and display the color bar pattern. 
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Set Video/Scroll Mode 


Syntax: V [M<mode>] [S<scroll>][100][300] 


Examples: Vv M3 RETURN 
Vv SOQ RETURN 
V M6 S2 RETURN 


Use the set video/scroll mode command to select one of eight video 
modes (this computer implements seven modes) and one of three 
scrolling modes as described in Table 6-2. The first example sets 
the display to video mode 3 (color, 80 characters by 25 rows). The 
second example sets the scrolling mode to 0 (software-controlled 
scrolling). The third example sets the video mode to 6 (monochrome 
graphics 640 x 200 resolution) and scrolling mode 2 (hardware-con- 
trolled smooth scrolling). 


Table 6-2. Video and Scroll Modes 


MODE DESCRIPTION 


MO 40 characters by 25 rows text, monochrome display on the RGB 
output. 

M1 40 characters by 25 rows of text, color display on the RGB 
output. 

M2 80 characters by 25 rows text, monochrome display on the RGB 


output. Individual video pages may be scrolled without affecting 
other video pages. 

M3 80 characters by 25 rows text, color display on the RGB output 
or as a gray-scale display on a monochrome display. Individual 
text pages may be scrolled. 

M4 320 x 200 pixel resolution graphics, color display on the RGB 
output or as a gray-scale display on a monochrome display. 
The text display is 40 characters by 25 rows. 


M5 320 x 200 pixel resolution graphics, monochrome display on 
the RGB output. Text is displayed at 40 characters by 25 rows. 
M6 640 x 200 pixel resolution graphics, monochrome display on 


RGB output. All three scrolling modes are available. The text 
display is 80 characters by 25 rows. 


M7 80 characters by 25 rows, monochrome text display. This mode 
requires a TTL-compatible monochrome graphics adapter card. 
So Software scrolling. This mode operates in all video modes and 


is the most common mode used in PC-compatible software. 
When material is scrolled, the display moves a line at a time. 
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Table 6-2 (continued). Video and Scroll Modes 


MODE DESCRIPTION 


S1 Hardware jump scrolling. This mode is available for video 
modes 3 through 6 and is similar in action to software scrolling. 
In this mode the hardware controls the scrolling action, rather 
than the software. 

$2 Hardware smooth scrolling. This mode works only in video 
mode 6. When the material is scrolled, the display moves a 
partial line at a time providing a much smoother appearance 
to the scrolling action. 


Boot Disk 
Syntax: B[F | W][0 | 1 | 2 | 3][:partition) 
Examples: 8B RETURN 

BF] RETURN 

BH: 1 RETURN 


This command manually boots the operating system from a bootable 
disk installed in any disk drive attached to the computer. You may 
specify floppy or hard drives and the specific drive you wish to boot 
from. 


In the first example, the computer will boot the default drive. When 
the computer first powers up, the default drive will either be the 
hard disk drive or floppy disk drive A, depending on the configuration 
of your system. If you manually boot from another disk drive, such 
as drive B, that drive will become the new default drive. The default 
setting will remain the same until you boot from a different drive 
or turn the system off. If the system is turned off, the default drive 
once again becomes the boot drive. 


In the second example, the computer will boot from drive B if it 
is present. The F in the syntax is optional and specifies 3.5-inch 
or 5.25-inch floppy disk drives. The number 1 in the example would 
specify floppy drive unit 1, also referred to as drive B. 
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In the third example, the computer will boot from the second partition 
on the hard disk drive. The letter W is optional and specifies boot 
operations from a hard disk drive. 


Chapter 19 describes several different error messages that the com- 
puter can generate during the boot process. 


The Machine Language Debugger 


The Monitor program contains a set of machine language debugging 
commands, listed in Table 6-3. The syntax in this table is clearer 
than that shown in the command summary in Figure 6-1. Examples 
and descriptions follow the table. 


The message * Invalid Command! is the Monitor program's syntax error 
message. The caret points to the exact spot where the first syntax 
error occurs. The system does not recognize additional syntax errors 
after the first error is detected. This error does not lock up the sys- 
tem. Therefore, the command can be reentered or another com- 
mand entered in its place. 


Table 6-3. Machine Language Debugger Commands 


COMMAND DESCRIPTION SYNTAX 

D Display memory D <address>[L<length> | <offset>] 

E Examine memory E <address> 

F Fill memory F <start address>,<range>,<data list> 
G Go (Execute) G[=<address>][,<breakpoint>... 

H Hex math H <numbert1 >,<number2> 

i} Input from port | <port address> 

M Move memory block = M <start address>,<range>,<new address> 
ie) Output to port O <port address>,<value> 

R Examine Registers R [<register>] 

Ss Search memory S <start address>,<range>,<data list> 
T Trace program T [= <address>][,<value>] 

U Unassemble program U [<address>][<length> | ,<offset>] 
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Display Memory 
Syntax: D <address>[L<length> | <offset>] 


Examples: 0 1000:0 F RETURN 
D DS: 7000 L200 RETURN 


Use this command to display the contents of the specified portion 
of memory. If the length is not specified in the command line, then 
the debugger will display 128 bytes of data, starting at the specified 
address. The resulting display contains three sections. The left-most 
column is the base address and offset of the first byte in the second 
part of the display. The second part uses hexadecimal format to 
display 16 bytes of data. The right-most part of the display contains 
the ASCII characters represented by the data in the second part 
of the display. If any byte is outside the ASCII character range, 
a period will be printed in its place. The amount of data you choose 
to display can be controlled using either the optional length specifica- 
tion or the offset. 


If the first example is entered, a display of 16 bytes of memory 
will result, starting at address 1000:0. If that portion of memory is 
empty (containing only nulls, or Os), the resulting display will be: 


1000: 0000 00 00 00 00 00 00 00 00-00 00 00 00 00 00 00 00 .............085 
If the second example is entered, the resulting display will contain 
200H bytes of memory. This display will start at the address offset 
located 7000H bytes from the base address of the data segment. 
The base address is stored in CPU segment register DS. 


If the memory range is greater than can be displayed on the screen, 
the data will scroll. Use CTRL-S to stop and CTRL-Q to continue the 
screen action. 
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Examine Memory 
Syntax: E <address> 
Example: — E 1000:100 RETURN 


Use the examine command to examine or change memory one byte 
at a time. When this command executes, the display will show the 
byte at the specified memory address. The command will wait for 
an entry from the keyboard. Enter a hexadecimal value from 0 to 
FF to modify the current memory location. Press the space bar to 
examine the next byte of memory or the minus (hyphen) key to 
display the previous byte of memory. Press the RETURN key to com- 
plete this command and return to the Monitor program prompt. 


CAUTION 


You can examine and modify any addressable memory 
location, including those reserved for interrupts and inter- 
rupt vectors. Therefore, be careful that you do not acci- 
dentally modify routines that the Monitor program uses 
or you could lock up the computer. If this occurs, turn 
the computer off to reset it. 


Fill Memory 
Syntax: F <start address>,<range>,<data list> 
Example: — F 1800:0, 1FF, "TEST", 20,54, 45,53,54,20 RETURN 


Use the fill command to enter one or more bytes of data directly 
into memory. You can use ASCII characters, delineated by quotation 
marks, or hexadecimal format. Each byte and ASCII text word re- 
quires a comma for separation. Data in the list will be reused as 
often as necessary to fill the specified memory range. You must 
specify the starting address, range, and data before the command 
will function. In the example, 1FFH bytes, starting at memory ad- 
dress 1800:0, will fill with repeating strings of the data. The entire 
String is used, which includes the material in quotes plus the material 
expressed as hexadecimal values. The result of this example is 
the string TEST TEST. 
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CAUTION 


You can use the fill command to modify any addressable 
memory range, including those reserved for interrupts 
and interrupt vectors. Therefore, be careful that you do 
not accidentally modify routines that the Monitor program 
uses or you could lock up the computer. If this occurs, 
turn the computer off to reset it. 


Go (Execute) 
Syntax: G[= <address>][,<breakpoint>]... 


Examples: 6 1000:0 RETURN 
G 100 RETURN 
G=1000 100 RETURN 


You can use the go command to transfer control from the Monitor 
program to a machine language or user program. The transfer will 
occur at the address specified in the command line or in the instruc- 
tion pointer and code segment of the CPU. Also, as a debugging 
aid, you may specify breakpoints (points in the program where you 
want the program to halt) in the command line. 


In the first example, control will transfer to the address specified 
in the CPU registers and a breakpoint will be set at memory address 
location 1000:0. In the second example, the Monitor program will 
transfer control to the address specified in the CPU registers and 
set a breakpoint at the memory address offset. This address is lo- 
cated 100H bytes from the location of the first byte of code to be 
executed. In the third example, the Monitor program sets the code 
segment register to 1000. Control is then transferred to this address 
and the Monitor program sets a breakpoint at memory offset 100H. 


When the go routine encounters a breakpoint, the Monitor program 
saves the status and register information. This information is dis- 
played as a register dump (refer to the examine/modify registers 
command). The screen will display the status of the CPU’s registers 
and flags as well as the current instruction executed just prior to 
the breakpoint. 
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You may set up to eight breakpoints and the debugger will halt 
when it encounters one of them. Once a breakpoint is found, the 
debugger will not remember the other breakpoints, since they are 
stored as parameters to the command line. 


NOTE: You must set breakpoints to addresses that contain valid 
instruction codes, otherwise the computer will lock up. 


Hex Math 

Syntax: H <number1>,<number2> 

Example: — # 2a,28 RETURN 

Use the hex math command to compute the sum and difference 
of two hexadecimal numbers. The debugger always subtracts the 


second number from the first. In the example, the results will display 
AS Sum: 0052 Diff: 0002. 


Input From Port 

Syntax: | <port address> 

Example: I 3F8 RETURN 

Use the input command to obtain a byte of data from a port address. 
In the example, a single byte from port 3F8H will be displayed on 
the screen. You can address most programmable devices used in 
this computer through port addresses. 


Move Memory Block 


Syntax: M <start address>,<range>,<new address> 


Example: M 0:1000, 107F,0:2000 RETURN 
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Use the move command to copy a specified block of memory to 
another specified location in memory. In the example, the Monitor 
program will copy a block of memory 107FH bytes long, starting 
at memory address 0:1000, to a memory location that starts at 
0:2000. 


CAUTION 


You can use the move command to move a block of 
memory from any addressable memory location to any 
other addressable memory location, including one re- 
served for interrupts and interrupt vectors. Therefore, be 
careful that you do not accidentally modify memory that 
contains routines used by the Monitor program or you 
could lock up the computer. If this occurs, turn the com- 
puter off to reset it. 


Output To Port 
Syntax: O <port address>,<value> 
Example: 0 2F8,00 RETURN 
Use the output command to send a byte of data out a port address. 
In the example, the Monitor program will send the value of OH out 
port address 2F8H. The computer can address most programmable 
devices through port addresses. 
Examine/Modify Registers 
Syntax: R [<register>] 
Examples: R RETURN 

RCS RETURN 

R FL RETURN 
Use the examine registers command to examine and alter the con- 
tents of the CPU's registers and flags. In the first example, the com- 


puter performs a register dump. The dump will display the current 
instruction, along with the contents of all registers and flags. 
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In the second example, the display will contain the contents of the 
CS register and the computer will wait for an entry from the key- 
board. Enter a hexadecimal value followed by the RETURN key, to 
modify the contents of the register. If the value you enter is not 
valid, the register’s contents will not change. Press the RETURN key 
by itself to leave the contents of the register unchanged. 


In the third example, the display will contain the status flags. Table 
6-4 contains the two-letter abbreviation that describes the status 
of each flag. The computer will wait for an entry from the keyboard. 
Enter the two-letter abbreviation to set the status of a flag, followed 
either by a space and another two-letter abbreviation for another 
flag or by the RETURN key to execute the command. If you make 
more than one entry for the same flag, the last value entered will 
be the one that remains. Press the RETURN key by itself to leave 
the flags unmodified. 


Table 6-4. Processor Status Flag Codes 


FLAG ON OFF 

Auxiliary carry AC(auxiliary carry) NA(no auxiliary carry) 
Carry CY(carry) NC(no carry) 
Direction DN(down) UP(up) 

Interrupts El(enabled) Di(disabled) 
Overflow OV(overtlow) NV(no overflow) 
Parity PE(even) PO(odd) 

Sign NG(negative) PL(plus) 

Zero ZR(zero) NZ(not zero) 


NOTE: This table does not represent all flags available within the 80386 
microprocessor. Refer to Chapter 12 for additional information. 
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Search Memory 
Syntax: S <start address>,<range>,<data list> 
Example: — § 0:2000, 1000, "TEST", 20, "TEST" RETURN 


Use the search command to search the specified area of memory 
for the occurrence of specific data strings or bytes of information. 
In the example, the search routine will examine 1000H bytes of 
memory, starting at memory location 0:2000, for the occurrence of 
TEST TEST. Notice that quotation marks enclose the ASCII text; 
otherwise, you must enter data in hexadecimal format. You must 
separate each item in the data list from the other items in the list 
with commas. If you do not provide any data in the list, the Monitor 
program will return the * Invalid Command! error message. 


Trace User Program 
Syntax: T [= <address>][,<value>] 


Examples: T=400:0,200 RETURN 
T5 RETURN 


Use the trace command to single-step the execution of a program. 
Each time you execute the command, it executes the next instruction 
and performs a register dump. The dump will display the current 
instruction and the contents of the registers and flags. Enter T by 
itself to execute the instruction pointed to by the current code seg- 
ment and IP register. Use the examine/modify registers command 
to change these values and to specify a new memory location for 
trace operation. 


In the first example, the routine places the value following the equal 
sign (=) in the CS and IP registers. Trace will use this value as 
the starting address and will execute 200H times. Since this is a 
large number, the register dumps will fill and scroll the screen. Use 
CTRL-S to stop and CTRL-Q to start the scrolling action. 
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In the second example, trace will start at the current address stored 
in the CS and IP registers of the CPU. The command will repeat 
five times. 


CAUTION 


The trace command does not contain extensive error 
trapping routines to prevent accidental operation of the 
computer. It is possible that timing-dependent operations, 
such as reading or writing to a disk, could cause problems 
and, in the case of disk input/output operations, damage 
the media itself. Therefore, do not use trace to step 
through the Monitor program or interrupt service routines. 


Unassemble 
Syntax: U [<address>[<length> | ,<offset>] 


Examples: U RETURN 
U 1000 RETURN 
U 0:1000 RETURN 


Use the unassemble command to disassemble a section of memory 
into assembly language mnemonic format. The resulting display re- 
sembles an assembly language source code listing, but contains 
no comments. The Monitor program will treat data areas that contain 
ASCil text as code. Therefore, it is possible to create meaningless 
assembly language code from raw text or other data. 


In the first example, the routine will begin disassembly in the current 
code segment (pointed to by the CS register) at the address pointed 
to by the IP register. The routine will disassemble and display 32 
bytes (20H) of data. The number of lines displayed on the screen 
will vary depending on the number of bytes generated by each in- 
struction. 


In the second example, disassembly starts at the memory location 
offset 1000H bytes from the value of the CS register. In the third 
example, disassembly starts at memory location 0:1000. In all three 
cases, the routine will disassemble and display 32 bytes of data. 
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NOTE: Although unassemble modifies the values in the CS and 
IP registers, the routine stores the original values in a stack. If you 
use the examine/modify registers command, the routine will restore 
the original values and subsequent use of the unassemble command 
will use these values. 


Although not shown in an example, you can use the length parame- 
ter to disassemble more or less than 32 bytes of memory. Since 
this may result in a display that scrolls the screen, use CTRL-S to 
stop and CTRL-Q to start the scrolling action. 


Programming with Interrupts 


The basic input/output system is the portion of the Monitor program 
that establishes the machine-level input/output routines. These 
routines provide control at the device level of the main input/output 
devices for the computer. Use software interrupts to call a routine 
and perform a function. 


To use an interrupt, place a specific code in register AH of the 
CPU and execute an INT instruction. As a rule, the Monitor program 
routines will preserve the values in all CPU registers except for AX 
and the flags. Modifications of other registers may occur upon com- 
pletion of the current task only if they are returning a value to the 
program that executed the function. 


The firmware generates software interrupts when certain events 
occur within the computer. You can use these events in your pro- 
grams by patching the events’ interrupt vectors for your routines. 
If you do this and run your routines with other programs that use 
or modify the same interrupts or memory locations, you may experi- 
ence unexpected results. 


Hardware Interrupts 


Although this part of the technical manual is concerned with the 
software interrupts, you need to understand the difference between 
interrupts generated by application software or the firmware of the 
computer and interrupt requests made by the hardware. 
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The 8259 programmable interrupt controller manages hardware in- 
terrupts. Two 8259s in cascade provide a total of 16 interrupt levels 
in this machine. In the event that more than one request for an 
interrupt occurs at the same time, the controller will manage these 
requests on a priority basis. 


The highest priority is assigned to IRQO (interrupt request 0) and 
the lowest to IRQ15. By sending a bit mask to port 021H, the pro- 
grammer can control whether a particular interrupt can be processed 


when requested. For more information on the 8259, refer to Chapter 
14. 


Table 6-5 describes the usual hardware interrupt requests and the 
software interrupts they trigger. The normal order of precedence 
is used in the table. Jumpers or other hardware factors may change 
the source of the interrupt request in some computer installations, 
but this is not recommended. 


Table 6-5. Hardware Generated Interrupt Requests 


HARDWARE 

INTERRUPT SOFTWARE 

REQUEST INTERRUPT USUAL SOURCE OF INTERRUPT 
IRQO 08H Time-of-day timer 

IRQ1 09H Key pressed 

IRQ2 OAH Slave controller interrupt 

IRQ3 OBH Communications (COM2) or PC bus 
IRQ4 OCH Communications (COM1) or PC bus 
IRQ5 ODH Parallel printer (LPT2) or PC bus 
IRQ6 OEH PC bus 

IRQ7 OFH Parallel printer (LPT1) or PC bus 
IRQ8 _ Real-Time Clock 

IRQ9 _ IRQ2 on PC bus 

IRQ10 _ AT bus 

IRQ11 — AT bus 

IRQ12 _ AT bus 

IRQ13 _ Coprocessor interrupt (80287 or 80387) 
IRQ14 _ AT bus 

IRQ15 _ AT bus 
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Using a Software Interrupt 


Some of the interrupts discussed in this manual are initialized by 
the operating system. Since MS-DOS is the standard operating sys- 
tem for these computers and helps maintain PC-compatibility, those 
interrupts that are considered universal (not specific to a particular 
version of MS-DOS) are included in the summary presented later 
in this chapter. Those based on MS-DOS that are subject to change 
between versions are discussed in the Programmer's Utility Pack 
for MS-DOS. Other operating systems and MS-DOS for other com- 
puters (not PC-compatible) may or may not initialize the same or 
similar interrupts. 


NOTE: Any software interrupt that has not been initialized will jump 
to areturn (RET) function (no operation). 


When you prepare to use or modify an interrupt routine, there are 
a couple of factors you should keep in mind: 


e@ All parameters that are passed to and from interrupt routines 
must go through the CPU's registers. Where more than one 
function may be performed by a routine, or where additional 
parameters are required by a routine, more than one register 
will be used by the interrupt. 


¢ Most of the interrupt routines will preserve the values in the 
CPU registers except when a value will be returned to a specific 
register. When you write or modify routines for these interrupts, 
you should plan on preserving, where possible, the values of 
the CPU registers. 


Each interrupt routine is pointed to by a dedicated interrupt vector 
(address). To execute one of the interrupt routines, you must first 
load the specified parameters into the registers of the CPU. Then 
perform an INT xxH instruction where xxH is the interrupt number. 
For instance, the code example in Listing 6-1 executes the INT 11H 
interrupt and then tests for and returns the number of drives con- 
nected to the system as established by the configuration switches. 
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Since no parameters were required by INT 11H, none are loaded. 
Note however, that the results are returned in register AL, where 
they are tested by the routine. 


Listing 6-1. Sample Code Segment 


a 


;test for number of drives 


INT 11H ;Tetrieve status byte 

PUSH AL ; temporarily store results 

AND AL, 1B isolate bit 0 

TEST AL, 0 :test for drives present 

JZ ZERO_DRIVES :if no drives, jump to routine 
POP AL ;pop results back off stack 
AND AL, 1100000B isolate bits 5 and 6 

MOV CL,5 ;Set for shift of 5 bit-places 
SHR AL,CL ,shift data right 5 bits 

INC AL increment results by 1 so 


; that true number of drives 
jis now in register AL 


Modifying an Interrupt 


To modify an interrupt, you must patch the interrupt vector with the 
address of your routine as outlined in the following procedure (MS- 
DOS environment). For more information, refer to the Programmer’s 
Utility Pack for your version of MS-DOS. 


1. Use the MS-DOS function request Get Interrupt Vector (35H) 
to read the current value of the interrupt vector. Save this value 
in your code segment. 


2. Use the MS-DOS function request Set Interrupt Vector (25H) 
to set the address of your interrupt routine. 


3. Do not execute an IRET instruction at the end of your routine. 
Instead, execute a JMP DWORD PTR to the address saved 
in step 1. This allows multiple background tasks to have a 
chance at the interrupt. Note that the final routine executed 
during an interrupt sequence is an IRET, but only after the 
CPU registers have been restored. 
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4. Do not modify any CPU registers unless specifically stated 
in the discussion of that interrupt. Upon entry to an interrupt 
routine, the ES, DS, BX, CX, DX, AX, BP, Si, and DI registers 
contain information that needs to be saved. Therefore, it is 
a good idea to push the information onto the stack and then 
restore it following the execution of your routine. 


Software Interrupt Summary 


Table 6-6 lists the interrupts, their functions, the initializing system 
(the Monitor program MFM-300, MS-DOS, or application software), 
and the chapter where you can find a complete discussion. Interrupts 
that show dashes (—) in each column are either reserved for future 
use or are not generally used by PC-compatible computers; more 
specifically, they are not implemented in Zenith Data Systems com- 
puters or software. 


Table 6-6. 


INTERRUPT 


00H 
01H 
02H 
03H 


Interrupt Summary 


INITIALIZED 

BY CHAPTER FUNCTION 

DOS 7 Divide by zero 

DOS 7 Single step 

MFM-300 vA Nonmaskable interrupt 
DOS 7 Software breakpoint 
DOS 7 Arithmetic overflow 
MFM-300 9 Print screen 

MFM-300 7 Timer (time-of-day) 
MFM-300 8 Key pressed 

MFM-300 7 Real-time clock 

Software 9 Communications (COM2) 
Software 9 Communications (COM1) 
Software 9 Alternate parallel printer (LPT2) 
MFM-300 10 Floppy disk drive 
Software 9 Parallel printer (LPT1) 
MFM-300 1 Video input/output 
MFM-300 7 Equipment configuration 
MFM-300 rd Memory size 

MFM-300 10 Disk input/output 
MFM-300 9 Serial input/output 


Page 6-22 


The Monitor Program and Programming with Interrupts 
er Oe 


Table 6-6 (continued). Interrupt Summary 

ee ee 
INITIALIZED 

INTERRUPT BY CHAPTER FUNCTION 


SSS 


15H = = 


16H MFM-300 8 Keyboard input/output 

17H MFM-300 9 Printer input/output 

30H MFM-300 9 Parallel/serial configuration 
19H MFM-300 10 Booting an operating system 
1AH MFM-300 7 Set/read the time of day 
1BH MFM-300 8 Keyboard break 

1CH MFM-300 7 Tick timer 

1DH MFM-300 an Video initialization 

1EH MFM-300 10 Disk parameters 

1FH MFM-300 1 Defining characters 


System Organization 


Table 6-7 provides an overall map of the system's addressable 
memory. Table 6-8 is a general map of the system's ports.The infor- 
mation presented in these tables is subject to change as new prod- 
ucts are introduced for this family of computers. The values rep- 
resented by question marks vary, according the version of MS-DOS 
and the user-installed .COM and .EXE files. 


NOTE: This computer does not support a light pen port. Some com- 
puter games use this feature and may not operate correctly. 


Table 6-7. System Memory Map 


Oo 


ADDRESS RANGE DESCRIPTION 

ee aaa an a 

00000H-9FFFFH System memory. This area is further divided 
by the Monitor program and DOS as follows: 

(00000H-003FFH) Interrupt vector table (addresses) 

(00400H-004;-FH) Monitor program compatible data segment 

(OOSOOH—??2?7H) 10.SYS (part of DOS)* 

(22222H-22227H) DOS.SYS (part of DOS)* 

(2?222??H-22227H) Resident portion of COMMAND.COM (part of 
DOS) 

(?222?27H-22222H) User-installed .COM and .EXE files 
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Table 6-7 (continued). System Memory Map 


ADDRESS RANGE DESCRIPTION 
(22222?H—-2222?H) Transient portion of COMMAND.COM 
(2222?2H-QFFFFH) Open for general use 
AO000H-BFFFFH Video RAM area 

COO000H-C7FFFH EGA BIOS ROM area 
C8000H-C9FFFH Hard disk BIOS ROM area 
CAQQOOH-CFFFFH Open area 

DOOOOH-DFFFFH EMS window area 

EOOOOH-EEFFFH Optional ROM area 

FOOOOH-FO7FFH Scratchpad RAM 

F8000H-FFFFFH System ROM 1 (Monitor program) 
|OOOOOH—-FDFFFFH Open area (with optional expansion memory) 
FEOQOOOH-FFFFFFH System Monitor ROM 


*lO.SYS and DOS.SYS are representative of the names of hidden files 
that are part of MS-DOS. The actual names of these files can vary from 
version to version. 


Table 6-8. System Port Map 


PORT ADDRESSES DESCRIPTION 

OOOH-01 FH 8-bit DMA processor 

020H-03FH Interrupt controller #1 (8259) 
040H-O5FH System timer (8254) 

O60H-06EH System control processor 
061H-O6FH Port B 

070H-07EH NMI enable 

O80H-OSFH DMA page registers (gate array 1) 
OAOH-OBFH Interrupt controller #2 (8259) 
OCOH-ODFH 16-bit DMA controller 

OEEH Fast GATE A-20 

OEFH Fast reset CPU 

OFOH Clear coprocessor busy latch 
OF1H 80287 reset 

OF2H Diagnostic LED port 

OF4H, OF5H Slow mode control 

OF9H, OFBH Scratchpad RAM enable 
200H-20FH Game input/output port (not implemented) 
258H EMS Address 

278H-27FH Parallel port 2 (LPT2) 
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Table 6-8 (continued). System Port Map 


PORT ADDRESSES DESCRIPTION 

2F8H-2FFH RS-232C serial input/output interface #2 
(COM2) 

320H-323H Hard disk drive 

378H-37FH Parallel printer #1 (LPT1) 

3FOH-3F7H Floppy disk controller 

378H-37FH Parallel port 1 (LPT1) 

3F8H-3FFH RS-232C serial input/output interface #1 
(COM1) 


Monitor Program Jump Vectors 


The Monitor program sets up two jump vectors that can be used 
by applications programs. They are located at FOOO:FFFO, which 
is the power-up reset vector, and FO00:FFED, which is an uncondi- 
tional jump to the Monitor program (the Monitor program prompt 
will appear on the screen). 


Chapter 7 
System and CPU Interrupts 


This chapter describes the system and CPU interrupts, programming 
sound, and addressing user memory. 

Programming System and CPU Interrupts 
Table 7-1 defines the general system interrupts used in this com- 
puter. For information on the use and programming of the software 


interrupts, refer to Chapter 6. 


Table 7-1. System and CPU Interrupts 


INTERRUPT OPERATION 

00H Divide by zero 

01H Single step 

02H Nonmaskable interrupt 
03H Software breakpoint 
04H Arithmetic overflow 

08H Timer (time-of-day) 
OAH Real-time clock 

11H Equipment configuration 
12H Memory size 

15H Device control 

1AH Set/read the time of day 
1CH Tick timer 

4AH User alarm interrupt 
76H RTC alarm 


Divide by Zero (INT 00H) 


INT OOH is the divide by zero interrupt. This interrupt occurs if a 
divide instruction produces a quotient too large to fit in the result 
register (such as dividing a value by 0). The operating system in- 
itializes this routine. The routine will display Divide Overflow and return 
control to the operating system. 
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You must set up a vector to intercept DIV and IDIV instructions 
if you do not want control returned to the operating system. That 
way, you can test for the error condition and prevent program control 
from returning to DOS. For instance, BASIC uses this method to 


retain control when a divide by zero condition occurs while executing 
BASIC functions. 


Single Step (INT 01H) 


INT 01H is the single step interrupt used for executing a single 
machine instruction at a time. The CPU calls this interrupt when 
an instruction executes with the trace flag (TF) set. 


MS-DOS and the DEBUG command commonly use this interrupt, 
as does the Monitor program’s trace command. The routine receives 
initialization instructions from the calling program (issued by DOS, 
the Monitor program, etc.). Because of this, you must also initialize 
the routines you want executed when you Call this interrupt. 


Non-maskable Interrupt (INT 02H) 


INT 02H is the nonmaskable interrupt. Hardware external to the 
80386 initializes this interrupt. Most Zenith Data Systems computers 
use this interrupt to indicate when a power-down condition has 
Started. Also, the 80287/80387 numeric data coprocessor uses this 
interrupt in its normal operation. 


Normally, this interrupt is enabled. One exception however, is during 
the power-up sequence while the self-tests are being run. !f you 
need to disable this interrupt (turn it off), send OOH to port AOH. 
To enable the NMI, send 80H to the AOH. 


Software Breakpoint (INT 03H) 


INT 03H is the software breakpoint interrupt. When the processor 
encounters a breakpoint in a program, it will execute an INT 03H 
instruction, calling the interrupt routine. 
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The Monitor program’s debugging routines and the MS-DOS 
DEBUG command allow you to set breakpoints in machine language 
code. Whenever the Monitor program or MS-DOS DEBUG en- 
counter a breakpoint, control returns to the last command level. 


Arithmetic Overflow (INT 04H) 


INT 04H is the arithmetic overflow interrupt. The INTO instruction 
(interrupt on overflow) will generate this interrupt whenever the over- 
flow flag (OF) is set. Arithmetic and logic operations set the overflow 
flag. 


Timer (Time-of-Day) (INT 08H) 


INT O8H is the timer interrupt. The output of counter 1 of the 8254 
programmable interval timer initiates this interrupt 18.2159 times 
per second, or every .054897095 seconds. The CPU clock speed 
does not affect the operation of this timer. The timer performs such 
functions as keeping track of the time, timing out disk motors, and 
calling the timer tick interrupt (1CH). 


In many computers, the timer keeps track of the time-of-day in a 
32-bit word (sometimes called a double-word). When the count 
reaches approximately 1803D8H (1,573,848 decimal), a flag will be 
set to 1. This flag indicates that the timer has rolled past midnight 
into a new day. The value of this word is read using interrupt 1AH. 
The hardware establishes this interrupt as IRQO. 


In this computer, a real-time clock maintains the time of day. The 
real-time clock IC is described in Chapter 14. 


Real-Time Clock (INT OAH) 


INT OAH is the real-time clock alarm interrupt. The real-time clock 
starts when a hardware interrupt request (IRQ3) or when the alarm 
from the real-time clock IC takes place. Function 83H (event wait) 
and function 86H (wait) of INT 15 set and handle the alarm. The 
hardware interrupt request takes place approximately 1,024 times 
a second. 
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Most systems do not use this interrupt. The hardware within the 
computer essentially controls this interrupt. This makes the interrupt 
unique to individual machines such as this computer. Because of 
this fact, it should not be called by user programs. 


Equipment Configuration (INT 11H) 


INT 11H is the request equipment configuration interrupt. This inter- 
rupt reports the configuration of the equipment in a 16-bit word (reg- 
ister AX). Since this interrupt is common to PC-compatible equip- 
ment, you need to be aware of all possible responses and what 
they mean. Refer to Tables 7-2, 7-3, and 7-4 fora description of 
each bit in the data returned in register AX. 


Table 7-2. Register AX Report from INT 11H 


BIT DESCRIPTION 

0 If set (1), floppy disk drives are present in the system; 
if clear (0), no floppy disk drives are installed. 

1 If set (1), the coprocessor is present; if clear (0), the co- 
processor is not installed. 

2-3 These two bits indicate the device size of the RAM chips 


installed in the computer. Bits 2 and 3 are always set 
(1), indicating that either 64- or 256-kilobit devices are 
installed. Some early PC-type computers used 16- and 
32-kilobit devices in memory. 


4-5 These two bits indicate the initial video mode at powerup. 
Refer to Table 7-3. 
6-7 These two bits report the number of floppy disk drives 


installed in the computer according to the hardware switch 
or firmware settings. Refer to Table 7-4. 

8 Unused in Zenith Data Systems computers. 

9-11 The value in these three bits indicate the number of RS- 
232 ports in the system. The standard input/output on 
this system emulates the number of IBM PC inpuVoutput 
ports, so the value is one. 


12 If set (1), a game card is present; it is clear (0) in this 
computer. 

13 Not used. 

14-15 The value in these two bits is the number of printers in- 
Stalled. 


en '*s 
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Table 7-3. Bits 4 and 5: Video Initialization 


BIT 4 BITS DESCRIPTION 

0 ¢) 80 x 25 text mode on an EGA card 

0 1 40 x 25 text mode on a color card 

1 0 80 x 25 text mode on a color card 

1 1 80 x 25 text mode on a monochrome card 


—_— ee 


Table 7-4. Bits 6 and 7: Disk Drive Count 


BIT6 BIT7 DRIVE COUNT 
0 0 1 drive 

0 1 2 drives 

1 0 3 drives 

1 1 4 drives 
Memory Size (INT 12H) 


INT 12H is the memory size interrupt. It returns the number of con- 
tiguous 1K blocks of user memory in the system in register AX. 
For example, if the value in AX is 256 following this interrupt, then 
the computer has determined that 256K of memory is available in 
the system. 


Device Control (INT 15H) 


The device control interrupt (INT 15H) functions as the entry point 
for device control and system request functions. This interrupt nor- 
mally supports cassette 1/O functions in PC-compatible computers, 
but not in this system. Instead, a number of other functions are 
available using this interrupt. Table 7-5 lists the normal functions 
available to INT 15H. Table 7-9 lists the extended functions that 
are reserved for this system only. 


The device control interrupt functions are activated in the normal 
fashion. Place the function value in the AH register and call interrupt 
15H. 
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Table 7-5. INT 15 Functions 


FUNCTION DESCRIPTION 

00-03H Cassette I/O (not supported) 
04—7FH User-defined functions 

80H Open device 

81H Close device 

82H Terminate program 

83H Set non-busy wait alarm 

84H Read joystick 

85H SYSTEM REQUEST key pressed 
86H Busy wait 

87H Block move request 

88H Size extended memory 

89H Set processor in virtual mode 
90H Device busy loop entry point 
91H Set interrupt complete entry point 


NOTE: If the user calls a function in the range of 04H through 7FH 
without creating a function routine, the value 86H will be returned 
in the AH register and the CY flag bit will be set. 


Function 80H: Open Device — This user-defined function is not 
implemented in this computer system. This function is provided to 
support multitasking operating systems. Two input parameters are 
required when using this function. The BX register must contain 
the device ID and the CX register contains the process ID. 


Function 81H: Close Device — This user-defined function is not 
implemented in this computer system. This function is provided to 
support multitasking operating systems. Two input parameters are 
required when using this function. The BX register must contain 
the device ID and the CX register contains the process ID. 


Function 82H: Program Terminate — This user-defined function 
is not implemented in this computer system. This function is provided 
to support multitasking operating systems. When terminating a pro- 
gram in a multitasking environment, the BX register contains the 
device ID. 
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Function 83H: Set Non-Busy Wait Interval — This function pro- 
vides a mean of internally monitoring elapsed time intervals. The 
CX and DX registers contain the wait interval count in milliseconds. 
The CX register contains the most-significant word and the DX regis- 
ter contains the least-significant word. When the specified time 
period has passed the ROM will set the high order bit of a byte 
specified in memory. The ES register contains the segment address 
of the byte and the BX register contains the offset. 


Function 84H: Read Joystick — This function allows the user to 
obtain information concerning the current joystick position or the 
status of the joystick triggers. If the value in the DX register isa 
zero, the function will report the status of the joystick triggers. lf 
the DX register contains a value of one, the function will return the 
current joystick position. 


When the function returns it will place the requested information 
in different registers. The AL register contains the trigger status in 
bit positions 4-7. The function reports position information for two 
joysticks. The AX register contains the X coordinate of joystick A; 
the Y coordinate is in the BX register. The CX and DX registers 
contain the respective X and Y coordinates for joystick B. If no joy- 
stick is installed on the system the values for these registers are 
undefined. 


If the value in the DX register is not correct on entry into the function, 
it must be either a zero or a one, the function will return the value 
86H in the AH register and set the carry bit. 


Function 85H: System Request Key Pressed — This function 
lets the user know when the SYSTEM REQUEST key has been pressed. 
The function will place a value in the AL register when the key 
is pressed and released. If the AL register contains a zero, the key 
is in the down position. If the AL register contains a one, the key 
is in the up position. 


Function 86H: Busy Wait Interval — This function is very similar 
to Function 83H, the main difference is that the ROM will not return 
to the user until the specified time period has passed. In this case, 
the ROM essentially calls function 83H. 
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Upon entry into the function, the CX register must contain the most- 
significant word of the wait interval in milliseconds. The DX register 
must contain the least-significant word. 

The function will return one of two possible values upon completion. 
If the requested time interval has passed, the NC bit will be set. 
If another wait interval request is presently active, the CY bit will 
be set. 


Function 87H: Block Move — This function will move a block of 
memory, in words, from one section of memory to any another sec- 
tion in the 16M address space of the computer. The function is 
designed to allow the user a means of moving memory data above 
the 1M address boundary when the processor is in protected mode. 
The block of memory you move can be no larger than 64K. 


In order to move a block, you must place the number of words 
you want moved in the CX register. The ES:SI register pair form 
a pointer to the descriptor table used during the move. The descrip- 
tor table is a standard descriptor table like those described in Chap- 
ter 12. It is built by your routine prior to calling this function. Figure 
7-1 illustrates the general format of the descriptor table. When you 
call the function, the ROM will place the processor in protected 
mode, move the block of memory, and return the processor to its 
original state. Table 7-6 describes the descriptor table used for block 
moves. 


31 ie) BYTE 


ADDRESS 
SEGMENT BASE 15-0 SEGMENT LIMIT 15-0 

0) 
BASE 31-241G LIMIT |P]OPL{s| TPE |A| BASE +4 
ease a1-24ofofolo| sm 23-16 


Figure 7-1. Block Move Descriptor Table 
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Table 7-6. Block Move Table Description 


DESCRIPTOR OFFSET INITIALIZED BY INITIALIZED VALUE 
1 Dummy 00 User 0 

2GDT 08 User 0 

3 Source 10 User Source address 

4 Target 18 User Target address 

5 Code 20 User 0 

6 Stack 28 User 0 


If an error occurs during the block move, the ROM will provide an 
error code and set a flag. The AH register will contain the error 
code and the CY bit in the flag’s register will be set. The value 
returned in the AH register will be one of the following values: 


AH = 0: Block move successful 
AH = 1: RAM parity error 

AH = 2: Exception interrupt error 
AH = 3: Address 20 line failure 


If the block move was successful, the zero flag bit will be set. 


NOTE: The system is not intelligent enough to protect itself during 
block moves. If you should, for example, move a block of memory 
into an address area occupied by important system data files, you 
could easily halt the computer system. This could also destroy data 
in the computer. Always exercise extreme care when you perform 
block moves. 


Function 88H: Extended Memory Size Determination — This 
function returns the number of contiguous 1K memory blocks above 
the 1M boundary. When you call the function, it will return the 
number of blocks in the AX register. 


Function 89H: Set Processor to Protected Mode — This function 
allows the user to switch the processor into protected mode. When 
the function call is completed, control will be transferred to an ad- 
dress specified by the user. 
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In order to use this function, the user routine must create a descriptor 
table prior to calling the function. Each descriptor in the table must 
contain the limit, the base address and the access rights byte. The 
values in the descriptor table are used to initialize the IDTR the 
GDTR and the stack selector segment. The ES:S!I register pair forms 
a pointer to the beginning of this descriptor table. Figure 7-2 illus- 
trates the format of the descriptor table and Table 7-7 describes 
the descriptor table used by this function. 


3 (0) BYTE 
ADDRESS 


SEGMENT BASE 15-0 SEGMENT LIMIT 15-0 


BASE 31—24]G LIMIT |pipPLIS| Type | BASE 
19-16 23-16 


Figure 7-2. Protected Mode Descriptor Table 


0 


+4 


Table 7-7. Protected Mode Table Description 


DESCRIPTOR OFFSET INITIALIZED BY _ INITIALIZED VALUE 


1 Dummy 00 User 0 

2 GDT data 08 User Data segment address 
3 Interrupt 10 User Interrupt table address 
4 User data 18 User Data segment address 
5 User extra 20 User Extra segment address 
6 User stack 28 User Stack segment address 
7 Return code 30 User User code segment 

8 Code 38 Function Function code segment 


Two values are required on entry into this function, besides the 
ES:S! pointer value. The BL register must contain the offset value 
to the interrupt level 1 table. This table contains the first eight hard- 
ware interrupts. Register BH, on the other hand, contains the offset 
to the interrupt level 2 table. This table contains the second eight 
hardware interrupts. 
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If the function executes correctly, the AH register will be set to zero. 
As a result of the processor mode change, all register values will 
change and the AX and BP register values will be destroyed. Also, 
because of the change in mode, BIOS calls will no longer be avail- 
able to the user. This means that the user program must handle 
all /O routines and instructions. The interrupt vector locations must 
be moved to avoid reserved memory areas of the 80386. This usu- 
ally means reinitializing the interrupt hardware to the correct vectors. 
Also, the exception interrupt table, and the associated handler, must 
be initialized by the user. Finally, the interrupt descriptor table must 
not overlap the real mode BIOS interrupt descriptor table. This could 
cause unpredictable results. 


Listing 7-1 provides an example of a segment of code that activates 
a function 89 call. 


Listing 7-1. Function 89 Code Sample 


s 
+ 
* 

SWITCH: MOV AX, GDT SEGMENT 


MOV ES, AX 

MOV SI,GDT OFFSET % 
MOV BH, ILEVEL 1 OFFSET Real mode 

MOV BL, ILEVEL 2 OFFSET code 

MOV AH, 89H 

INT 15H 

+ Protected 

* mode code 


* 


Function 90H: Device Busy Loop Entry Point — This function 
informs the user when the ROM is about to enter a busy loop. The 
AL register will contain a code that identifies which system device 
is causing the busy condition. Table 7-8 lists the different device 
codes. 
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Table 7-8. Device Type Codes 


CODE DEVICE 

00H Disk 

01H Diskette 

02H Keyboard 

80H Network 

FDH Drive motor start 
FEH Printer 


Function 91H: Set Interrupt Complete Flag — This function ad- 
vises the user when the ROM has completed some operation or 
function. The AL register will contain the appropriate code from those 
listed in Table 7-8. 


Functions 80-91 support operations that are available on systems 
based on either the 80286 or 80386 processor. The extended func- 
tions, listed in Table 7-9, are only available on 80386-based com- 
puter systems. 


Table 7-9. INT 15 Extended Functions 


FUNCTION DESCRIPTION 

E2H Ram protect enable/disable 
E3H Speed control 

E4H Current speed setting 

E5H Enable/disable cache memory 
E6H Read cache state 


Function E2H: Ram Protect Enable/Disable — This function is 
used to enable and disable protection for the Monitor ROM work 
area. The Monitor ROM maintains a 1K memory block for various 
pointers and variables used during normal operations. If this area 
is accidentally written too by the system, unpredictable results or 
even a system halt could result. 
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When entering this function, the AL register contains information 
on the level of protection. If the AL register is zero, the ROM will 
increment the protection level. If the value in AL is 10, the ROM 
will decrement the protection level. 


Protection for this area of RAM is implemented in a stack area, 
similar to a last-in, first-out (LIFO) stack. The protection level is incre- 
mented or decremented depending on the value in the AL register. 
A byte in memory is used by the ROM to maintain this count. 
Whenever the value changes from 1 to 0, the RAM will be protected. 
If the byte changes from 0 to 1, protection is disabled. The protection 
state of the RAM will only be affected by transitions between the 
values of O and 1. The stack will support a maximum of 255 levels. 
If this value is exceeded, the byte will reset to 0 (wrap around), 
causing unpredictable results. 


Function E3H: Set Processor Speed — This function sets the 
operating speed of the system processor. The AL register contains 
the required setting information according to the following list: 


e AL = 0: Set processor to run fast at all times 
e AL = —1: Set processor to run slow at all times 
@ AL = 1: Normally fast, but run slow for floppy disk accesses 


The preferred operational mode for the 80386-based computer is 
fast at all times. It is possible that some applications software may 
have problems at the normal operating speed of this computer. In 
those cases you may try setting the processor to run fast except 
when attempting a floppy disk access. If there is a known problem 
with a particular package, you may have to set the processor for 
slow operation. 


Function E4H: Read Processor Speed — This function returns 
the current operating speed of the system processor. The AL register 
contains the returned value. This value will correspond exactly with 
the speed codes used by function E3H. 
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Function E5H: Enable/Disable Cache Memory — If the optional 
cache memory is installed in the computer, this function permits 
the user to selectively turn the cache on or off. The value contained 
in the AL register determines the on or off state of the cache. If 
the AL register is set to 0, the cache will be turned off. If the AL 
register contains a 1, the cache is turned on. 


Function E6H: Read Cache State — This function returns the oper- 
ational status of the cache memory, if installed, in the AL register. 
If bit O of the AL register is set, the cache is turned on. If the bit 
1 of the AL register is set, a cache memory card is installed in 
the system. If bit 3 of the AL register is set, the cache memory 
failed the self-test. 


NOTE: When using the extended INT 15 functions, it is a good 
idea to set the carry flag bit before making the function call. If you 
attempt a call on a computer that does not support it, the carry 
bit will remain set. Making an extended call on a computer that 
supports the function, such as the 80386-based systems, will result 
in acleared carry bit. 


Set/Read the Time of Day (INT 1AH) 

INT 1AH is the set/read the time of day interrupt. It allows the pro- 
grammer to set and read the internal clock’s time and date, and 
to set the alarm on or off. Table 7-10 lists the different functions 


available under INT 1AH. 


Table 7-10. INT 1AH Functions 


FUNCTION DESCRIPTION 

00H Read time of day 
01H Set time of day 

02H Read real time clock 
03H Set real time clock 
04H Read RTC date 
05H Set RTC date 

06H Set RTC alarm 

07H Disable RTC alarm 
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Function 00H: Read Time of Day — This function allows the pro- 
grammer to access the current time of day from the time and date 
structure. If the AL register contains a 0, then the timer count has 
not passed midnight since the last system reset. Otherwise, the 
value in the AL register will indicate the number of times the timer 
has passed midnight since the last system reset. The CX register 
contains the most-significant word in this count and the DX register 
contains the least-significant word. 


Function 01H: Set Time of Day — This function complements func- 
tion OOH. It allows the programmer to set the timer time of day. 
The CX and DX registers contain the same values as in function 
OOH. 


Function 02H Read Real Time Clock — This function allows the 
programmer to read directly from the timer. All returned values are 
in BCD format. Three registers are used to return the current time: 


CH:Hours 
CL:Minutes 
DH:Seconds 


If the real time clock is not working correctly, the CF bit will be 
set. 


Function 03H: Set Real Time Clock — This function complements 
function 02H, allowing the programmer to directly set the time in 
the real time clock. Registers CH, CL, and DH contain the same 
information, in the same format, as in function 02H. Register DL 
contains daylight saving time information. A value of 1 means that 
the DST option is in use; 0 means that it is not. 


Function 04H: Read Real Time Clock Date — This function allows 
the programmer to obtain the date directly from the real time clock. 
All returned values are in BCD format. This function uses four regis- 
ters: 


CH:Century 
CL:Year 
DH:Month 
DL:Day 


If the real time clock is not operating properly, the CY bit will be 
set. 
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Function 05H: Set Real Time Clock Date — This function comple- 
ments the operation of function 04H. Using this function the pro- 
grammer can directly set the date in the real time clock. The same 
registers are used here as in function 04H with the same values 
and formats. 


Function 06H: Set Real Time Clock Alarm — This function allows 
the programmer to set the alarm feature of the real time clock. All 
values returned by this function are in BCD format. Three registers 
are used by this function: 


CH:Hours 
CL:Minutes 
DH:Seconds 


A value in the range of COH — FFH in any of the registers indicates 
a “don't care” condition for that time value. This allows the program- 
mer the option of setting a periodic alarm condition. Whenever the 
alarm conditions are satisfied, the system generates interrupt 4AH. 


If the real time clock is not operating properly, the CY bit will be 
set. 


Function 07H: Disable Real Time Clock Alarm — This function, 
when called, will turn off the alarm feature of the real time clock. 
Register AH establishes the type of operation (read or write). The 
CX and DX registers store the value passed to or from the 32-bit 
counter. Register AL serves as a flag to report that the value has 
rolled over into a new day since the last time the counter was read. 


Most PC-compatible computers store the value that represents the 
time of day in a 32-bit time-of-day counter. This counter receives 
updates 18.2159 times a second. Therefore, 1 a.m. would be rep- 
resented by a count of 65,577 and 12 noon would be 786,926. Reg- 
ister CX passes the high part of the count and contains the value 
1 for 1 a.m. and 12 (OCH) for 12 noon. Register DX passes the 
low part of the count and contains 41 (29H) for 1 a.m. and 494 
(1EEH) for 12 noon. The contents of register AL depends upon 
whether the count has roled over into a new day since the last 
counter read. 
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In this computer, a real-time clock IC keeps track of the date and 
time. This IC remains active even when you turn off the computer. 
The real-time clock uses the 32-bit time-of-day word for compatibil- 
ity. When you boot the computer with MS-DOS (verison 3.2 or 
higher), the operating system automatically reads the time of day 
from the clock IC. This value is then stored in the 32-bit time-of-day 
word. You can also use a utility program to accomplish this. The 
result is that software that depends on the 32-bit word will still work 
in this computer. 


Tick Timer (INT 1CH) 


INT 1CH is the tick timer interrupt. It allows you to produce CPU- 
independent timing loops in your programs. At powerup, this inter- 
rupt points to an IRET instruction. 


The speed of the CPU clock frequency in PC-compatible computers 
is inconsistent from one machine to another. Furthermore, some 
models offer switchable-speed CPU clock frequencies. This interrupt 
provides a convenient means of consistently controlling timing loops 
regardless of the CPU clock frequency. 


Each time INT O8H (the timer interrupt) executes, the tick timer inter- 
tupt is called (18.2159 times a second). Therefore, if you use INT 
1CH in a program, you must save the registers at the beginning 
of the routine and then restore them before returning to the main 
program. 


Alarm Interrupt (INT 4AH) 


The user alarm interrupt is used whenever a real time clock alarm 
is active. This interrupt is generated by the computer in response 
to the alarm conditions specified for the real time clock. Refer to 
function 06H under “Set/Read the Time of Day (INT 1AH).” 


If an application program uses the real time clock alarm feature, 
it must provide a handler for this interrupt. If no handler is provided, 
it will cause a system crash. 
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Real-Time Clock Alarm Interrupt (70H) 


The INT 70H interrupt is initiated by a hardware interrupt request 
(IRQ8) or when an alarm from the real-time clock takes place. The 
alarm is set and handled through INT 15H (functions 83H and 86H). 
The hardware interrupt takes place approximately 1,024 times a 
second. Since this interrupt is essentially controlled by the hardware, 
it should not be called by a user program. 


Programming Sound 


This computer does not contain a dedicated sound chip. However, 
the computer can generate tones and play them through the internal 
speaker. 


The 8254 timer is directly controllable by the programmer. The out- 
put from channel 2 of the timer is gated directly to the system 
speaker through a NAND gate. This gate is controlled from port 
B within the system. Port B is addressed within the system at hard- 
ware port address 61H. Bits 0 and 1 are responsible for turning 
the speaker output on and off. If these two bits contain a value 
of 01, the speaker will be turned off. If they contain a value of 10, 
the speaker will be turned on. 


Programming sound, particularly music, is a specialized application 
and is beyond the scope of this manual. If you want to produce 
sounds or music, use one of the special application programs de- 
signed for that purpose or GW-BASIC, which contains statements 
to perform this type of task. 


Chapter 8 
Keyboard 


This chapter describes the interrupts used for keyboard communica- 
tions and lists the codes generated by the keyboard. 


Programming Keyboard Interrupts 


The interrupts used exclusively by the keyboard are similar to those 
used in previous designs. However, the 101-key keyboard supports 
some additional function calls that user programs can exploit. Pro- 
grams designed to run on PC or PC-AT computers will function 
as normal. Table 8-1 indicates the keyboard interrupts for this com- 
puter. 


Table 8-1. Keyboard Interrupts 


INTERRUPT FUNCTION 

09H Key pressed 

16H Keyboard input/output 
1BH Keyboard break 


Key Pressed (INT 09H) 


INT O9H is the key pressed interrupt which is executed each time 
you press or release a key. The interrupt routine reads the key 
from the keyboard register and encodes it, or notes the action if 
it is a shift or control key. The keyboard buffer stores valid key 
codes for access from applications programs or system software. 


You should not change the action of this interrupt routine since it 
directly affects the action of the keyboard. 
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Keyboard Input/Output (INT 16H) 


INT 16H is the keyboard input/output interrupt. This interrupt per- 
forms a keyboard operation specified by one of the function calls 
described in this section. The function code is placed in the AH 
register and then the interrupt is executed. The function codes imple- 
ment: 


e@ Keycode retrieval (receive a character from the keyboard) 

e@ Check keyboard buffer (to see if any codes are in it) 

e@ Report keyboard status (Shift and Ctrl keys) 

e@ Set repetition rate (for applicable keys) 

e@ Place character in keyboard buffer (as if it were entered from 
the keyboard). 


NOTE: The 101-key keyboard contains 17 new keys that duplicate 
the functions of 17 other standard keys. These new keys generate 
unique, extended codes. Function codes OOH-02H map these codes 
to the standard key codes to allow compatibility with programs writ- 
ten for the standard key codes. In other words, the new keys remain 
transparent to existing programs. 


Table 8-2 is a summarized list of the INT 16H functions. A detailed 
discussion of each function follows the table. 


Table 8-2. INT 16H Functions 


FUNCTION DESCRIPTION 


00H Get character code 

01H Check keyboard buffer 

02H Get keyboard status 

03H Set key repetition rate 

05H Place character in buffer 

10H Get extended character code 
11H Check extended keyboard buffer 
12H Get extended keyboard status 
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Function Code 00H: Get Character Code — This function code 
causes the interrupt to read a character from the keyboard buffer. 
When you press a key, the corresponding character code is placed 
in the keyboard buffer. This function will retrieve that code (ASCII 
codes OOH-7FH or non-ASCII codes 80H—-FFH) and place it in the 
AL register. The code is then removed from the keyboard buffer. 
The AH register will contain the scan code (01H—-84H) for the 
pressed key. If the keyboard buffer is empty, the routine waits until 
the next key press, generating another character code. Nete that 


the SHIFT and CTRL keys do not generate codes, but affect the codes 
generated by other keys. 


Function Code 01H: Check Keyboard Buffer — This function 
code causes the interrupt to check the status of the keyboard buffer. 
The zero flag (ZF) will be set if the buffer is empty. If the buffer 
contains key codes awaiting processing, the zero flag will be cleared 
(not set). The code (ASCII codes OOH—7FH or non-ASCII codes 
80H-FFH) assigned to the first character in the buffer is placed 
in the AL register. The scan code (01H—84H) for that same key 
will appear in the AH register. 


NOTE: This operation does not remove any codes from the key- 
board buffer. Therefore, if you execute function code 01H followed 
by function code 00H, the same key codes will be returned. Only 
function code 00H removes the key codes from the buffer. 


Function Code 02H: Get Keyboard Status — Two bytes of mem- 
ory, 0040:0017 and 0040:0018, hold the keyboard status. This inter- 
rupt function code reports the status of the keyboard stored at loca- 
tion 0040:0017. Table 8-3 describes the value of this byte as stored 
in the AL register. If the report states that a key is pressed, that 
key was being held down at the time this function was executed. 
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Table 8-3. Keyboard Status Report 
BIT DESCRIPTION 


If set (1), the right SHIFT key is pressed. 
If set (1), the left SHIFT key is pressed. 
If set (1), the CTRL key is pressed. 
If set (1), the ALT key is pressed. 
If set (1), the SCROLL LOCK mode is active. 
If set (1), the NUMLOCK mode is active. 
If set (1), the CAPS LOCK mode is active. 
If set (1), the INSERT mode is active. 


NOORON=HO0 


The keyboard status stored at location 0040:0018 can be read di- 
rectly and interpreted by your own routines. Table 8-4 describes 
the possible values of this byte. 


Table 8-4. Keyboard Status (0040:0018) 


BIT DESCRIPTION 


Not used. 

Not used. 

Not used. 

If set (1), the CTRL-NUMLOCK (pause) mode is active. 
If set (1), the SCROLLLOCK key is pressed. 

If set (1), the NUMLOCK key is pressed. 

If set (1), the CAPS LOCK key is pressed. 

If set (1), the INSERT key is pressed. 


NOoOhwWn+0O 


Function Code 03H: Set Key Repetition Rate — This function 
call will be executed when its code (03H) is placed in register AH 
and interrupt 16H is executed. The keyboard will respond to this 
interrupt and wait for a rate/delay determinant byte to be sent from 
the system. The rate is determined by bits 0-4 and the delay is 


determined by bits 5 and 6. Bit 7 is always 0. Table 8-5 indicates 
the repetition rates. 
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Table 8-5. Repetition Rates 


BIT 4 BIT3 


BIT2 


BIT1 


BITO REPETITION RATE 


Beaoaoounonennn nnn nan masaoo0o0cc000 DOO 0C0CCCCSO 


0 
0 
0 
10) 
0 
0 
ie) 
0 
1 
1 
1 
1 
1 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 


aan nccc OHA ABAA HOO OOfF HAHAH OOOO AAA HOOOO 


manaoon-00-+00+4 ocon2300422=00-+00--00 


“~o-0-0+0+0+0-+0 m~o3-0-0-0-02070+-0-+0 


30.0 
26.7 
24.0 
21.8 
20.0 
18.5 
17.1 
16.0 
15.0 


NOTE: The key repetition rate is calibrated in characters per second. 
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Function Code 05H: Place Character in Buffer — This function 
call is executed by placing a value of O5H in register AH and then 
executing interrupt 16H. This call’s purpose is to allow placement 
of a character and associated scan code in the keyboard buffer 
as if it were entered from the keyboard. The character code is deter- 
mined in register CL and the scan code is determined in register 
CH. When the INT 16H instruction occurs, these values will be 
placed in the keyboard buffer. 


NOTE: The 101-key keyboard contains 17 new keys that duplicate 
the functions of 17 other standard keys. The new keys generate 
unique, extended codes. Function codes 10H-12H can exploit these 
new key codes in programs written specifically for them. 


Function Code 10H: Get Extended Character Code — This func- 
tion code performs the same operation as function code 00H. How- 
ever, there are 17 keys that have unique codes in the 101-key key- 
board. Many of these keys duplicate the function of other keys (for 
example, there are two sets of cursor control keys but each set 
generates unique code). This function code causes the interrupt 
to read the new key’s code from the keyboard buffer. 


Function Code 11H: Check Extended Keyboard Buffer — This 
function code places the value of any of the 17 new keys into register 
AL. The code (ASCII codes OOH—7FH or non-ASCII codes 80H-— 
FFH) assigned to the first character in the keyboard buffer is placed 
in the AL register. The scan code (01H—84H) for that same key 
will appear in the AH register. 


Function Code 12H: Get Extended Keyboard Status — This func- 
tion code reports the status of the keyboard the same way that 
function code 02H does. However, function code 12H places a 2- 
byte status report in registers AL and AH, respectively. Table 8-6 
describes the values of the byte in register AL and Table 8-7 de- 
scribes the value of the byte in register AH. 
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Table 8-6. Keyboard Status Report (Register AL) 


BIT DESCRIPTION 


If set (1), the right SHIFT key is pressed. 

If set (1), the left SHIFT key is pressed. 

If set (1), the CTRL key is active. 

If set (1), the ALT key is active. 

If set (1), the SCROLLLOCK mode is active. 
If set (1), the NUMLOCK mode is active. 

If set (1), the CAPS LOCK mode is active. 

If set (1), the INSERT mode is active. 


NOMPRON=AO 


Table 8-7. Keyboard Status Report (Register AH) 


BIT DESCRIPTION 


If set (1), the left CTRL key is pressed. 

If set (1), the left ALT key is pressed. 

If set (1), the right CTRL key is pressed. 

If set (1), the right ALT key is pressed. 

If set (1), the SCROLL LOCK key is pressed. 
If set 91), the NUMLOCK key is pressed. 

If set (1), the CAPS LOCK key is pressed. 
System flag. 


NOoapaon-o 


Keyboard Break (INT 1BH) 


The INT 1BH instruction executes when the key pressed interrupt 
(09H) detects that the CTRL and BREAK keys (CTAL-BREAK) are pressed 
at the same time (you must press and hold the cTAL key before 
pressing the BREAK key). 


The interrupt for this routine must exit with an IRET instruction to 
properly terminate the O9H interrupt. When you turn the computer 
on, this routine provides only the IRET instruction. That way, if a 
key press occurs during the self-tests, nothing will happen (unless 
the Esc key is pressed, which will terminate the self-tests and drive 
program execution to the Monitor). 
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If you allow this interrupt to retain control, you may have to accom- 
modate one or more of the following conditions. For more informa- 
tion, refer to the discussion on the 8259 interrupt controller in Chap- 
ter 14. 


@ The break may occur during interrupt processing. You must then 
send one or more end-of-interrupt commands to the interrupt 
controller. 


e@ If an operation was in process when you caused the interrupt 
to take place, all input/output devices must be reset. 


e@ Programs that use this interrupt must not chain to the previous 
owner of this interrupt and you must restore the interrupt when 
you finish processing. 


Remember, when servicing an INT 1BH instruction, your routine 
must perform an IRET to make sure that the interrupt restores prop- 
erly. Do not link your service routine to the next one. 


GW-BASIC is an example of software that uses this routine. It uses 
this interrupt to halt execution of a BASIC program whenever you 
press the CTRL-BREAK key sequence. 


Keyboard Codes 


The 101-key keyboard supports three different keycode sets. Set 
2 is the default set. Sets 1 ahd 3 are optional and can be selected 
by sending FOH to the keyboard. The keyboard will clear its buffer 
and expect the system to send a byte of data representing the de- 
sired set. Byte value 01H represents code set 1 and byte value 
03H represents code set 3. 


In this computer, the keycodes are translated into codes used in 
keycode set 1 by the system control processor. The system control 
processor does not currently translate keycode set 3. If keycode 
Set 3 is used, a program designed to handle this translation may 
have to be written. The make and break key codes for the three 
different code sets are provided in Tables 8-8 through 8-12. 
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Table 8-8. Alphabetic Keycode Sets 
SCAN SET 1 SCAN SET 2 SCAN SET 3 

KEY 

MAKE BREAK MAKE BREAK MAKE BREAK 
A 1E 9E 1c Fo 1c 1C FO 1C 
B 30 Bo 32 FO 32 «32 FO 32 
Cc 2E AE 21 FO 21 21 FO 21 
D 20 AO 23 FO 23 23 FO 23 
E 12 92 24 FO 24 24 FO 24 
F 21 Ai 2B FO 2B 2B FO 2B 
G 22 A2 34 FO 34 34 FO 34 
H 23 A3 33 FO 33 33 FO 33 
l 17 97 43 FO 43 43 FO 43 
J 24 A4 3B FO 3B 3B FO 3B 
K 25 AS 42 FO 42 42 FO 42 
ki 26 AG 4B FO 4B +448 FO 4B 
M 32 B2 3A FO 3A 3A FO 3A 
N 31 B1 31 FO 31 31 FO 31 
oO 18 98 44 FO 44 44 FO 44 
P 19 99 4D Fo 4D 4D FO 4D 
Q 10 90 15 FO 15 15 FO 15 
R 13 93 2D FO 2D) 2D FO 2D 
Ss 1F 9F 1B FO 1B 1B FO 1B 
T 14 94 2c Fo 2G 2C Fo 2C 
U 16 96 3C FO 3C =—33C Fo 3C 
Vv 2F AF 2A FO 2A 2A FO 2A 
WwW W 91 1D Fo 1D 1D Fo 1D 
xX 2D AD 22 FO 22 22 FO 22 
Y 15 95 35 FO 35 35 FO 35 
Z 2c AC 1A FO 1A 1A FO 1A 


NOTE: All values are expressed in hexadecimal. 
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Table 8-9. Numeric and Punctuation Key Scan Code Sets 


SCAN SET 1 SCAN SET 2 SCAN SET3 

KEY 

MAKE BREAK MAKE BREAK MAKE BREAK 
1 02 82 16 FO 16 16 FO 16 
2 03 83 1E FO1E 1E FO 1£ 
3/# 04 84 26 FO 26 26 FO 26 
AIS 05 85 25 FO 25 25 FO 25 
51% 06 86 2E FO 2E 2E FO 2 
6/* 07 87 36 FO 36 36 FO 36 
7/& 08 88 3D FO 3D 3D FO 3D 
Bi 09 89 3E FO 3E 3E FO 3E 
9 OA 8A 46 FO 46 46 FO 46 
0/) 0B 8B 45 FO 45 45 FO 45 
rf oc 8c 4E FO 4E 4E FO 4E 
=/+ oD 8D 55 FO 55 55 FO 55 
‘J~ 29 AQ OE FO OE OE FO OE 
ik 1A 9A 54 FO 54 54 FO 54 
m7 1B 9B 5B FO 5B 5B FO 5B 
| 27 AT 4c FO 4C 4C FO 4C 
, 28 As 52 FO 52 52 FO 52 
J< 33 B3 4 FO 41 41 FO 41 
I> 34 B4 49 FO 49 «49 FO 49 
1? 35 B5 4A FO 4A 4A FO 4A 
Nea 2B AB 5D FO 5D 5C FO 5C 


NOTE: All values are expressed in hexadecimal. 
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Table 8-10. Function and Control Key Scan Code Sets 


SCAN SET 1 SCAN SET 2 SCAN SET 3 
KEY 
MAKE BREAK MAKE BREAK MAKE BREAK 
FI 3B BB 05 FO 05 07 FO 07 
F2 3c BC 06 Fo 06 OF FO OF 
F3 3D BD 04 FO 04 17 FO 17 
F4 3E BE 0c FO oC =#1F FO 4F 
FS 3F BF 03 FO 03 27 FO 27 
F6 40 co 0B FO OB 2F FO 2F 
F7 41 Ci 83 FO 83 37 FO 37 
F8 42 C2 OA FO OA 3F FO 3F 
F9 43 C3 01 FO 01 47 FO 47 
F10 44 C4 09 FO 09 4F FO 4F 
Fil 57 D7 78 FO 78 56 FO 56 
F12 58 D8 07 FO 07 5E FO 5E 
BACK 
SPACE OE 8E 66 FO 66 66 FO 66 
TAB OF 8F oD FO 0D oD FO oD 
CAPS 
LOCK 3A BA 58 FO 58 14 FO 14 
SCROLL 
LOCK 46 C6 7E FO 7E SF FO 5F 
ENTERY 
RETURN 1c 9c 5A FO 5A 5A FO 5A 
Left 
SHIFT 2A AA 12 FO 12 12 FO 12 
Right 
SHIFT 36 B6 59 Fo 59 §=59 Fo 59 
Space bar 39 BS 29 FO 29 29 FO 29 
ESC 01 81 76 FO 76 08 FO 08 
Left 
CTRL 1D 9D 14 FO 14 11 FO 11 
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Table 8-10 (continued). Function and Control Key Scan 


Code Sets 
SCAN SET 1 SCAN SET 2 SCAN SET3 
KEY 
MAKE BREAK MAKE BREAK MAKE BREAK 
Left 
ALT 38 B8 11 FO 11 19 FO 19 
Right 
CTRL EO 1D E£09D £014  €E0 FO 1458 FO 58 
Right 
ALT EO 38 £0 B8- E011 EO FO 1139 FO 39 


NOTE: All values are expressed in hexadecimal. 


Table 8-11. Factored Keypad Scan Code Sets 


SHIFT ACTIVE NUM LOCK ACTIVE 


KEY 
MAKE/BREAK MAKE/BREAK MAKE / BREAK 
Scan Code Set 1 
INSERT EOH 52H/ EOH AAH E0H 52H/ EOH 2AH EOH 52H/ 
EOH D2H EOH D2H EOH 2AH_ EOH D2H EOH AAH 
DELETE EOH 53H/ EOH AAH E0H 53H/ EOH 2AH EOH 53H/ 
EOH D3H EOH D3H EOH 2AH EOH D3H EOH AAH 
- EOH 4BH/ EOH AAH EOH 4BH/ EOH 2AH EOH 4BH/ 
EOH CBH EOH CBH EOH 2AH EOH CBH EOH AAH 
HOME EOH 47H/ EOH AAH EOH 47H/ EQH 2AH EOH 47H/ 
EOH C7H EOH C7H EOH 2AH _EQH C7H EOH AAH 
END EOH 4FH/ EOH AAH EOH 4FH/ EOH 2AH EOH 4FH/ 
EOH CFH EOH CFH EOH 2AH EOH CFH EOH AAH 
Up arrow EQOH 48H/ EOH AAH EOH 48H/ EOH 2AH EOH 48H/ 
EOH C8H EQOH C8H EOH 2AH EOH C8H EOH AAH 
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Table 8-11 (continued). 


Factored Keypad Scan Code Sets 


KEY 


SHIFT ACTIVE 


MAKE/BREAK MAKE/ BREAK 


eee 


EQH AAH EOH 50H/ EOH 2AH EOH 50H/ 
EOH DOH EOH 2AH_ EOH DOH EOH AAH 


Down arrow 0H 50H/ 


EOH DOH 
PAGE UP EOH 49H/ 
EOH C9H 
PAGE DN E0OH 51H/ 
EOH D1H 
> EOH 4DH/ 
EOH CDH 
PRINT 
SCREEN E0 2A E0 37/ 
EO B7 EO AA 
PAUSE/ 
BREAK (see note 3) 
Scan Code Set 2 
INSERT E0 70/ 
E0 FO 70 
OELETE E071/ 
£0 FO 71 
- E0 6B/ 
EO FO 6B 
HOME EO 6C/ 
E0 FO 6C 
END E0 69/ 
E0 FO 69 
83 E075/ 
E0 FO 75 


NUM LOCK ACTIVE 


MAKE / BREAK 


EQH AAH EOH 49H/ EOH 2AH EOH 49H/ 
EOH C9H EOH 2AH_ EOH C9H EOH AAH 


EOH AAH E0H 51H/ EOH 2AH EOH 51H/ 
EOH D1HEOH 2AH EOH D1HEOH AAH 


EOH AAH EOH 4DH/ E0H 2AH EOH 4DH/ 
EOH CDH E0H 2AH _EOH CDH EOH AAH 


E0 37/ 


EO B7 (see note 2) 


E0 FO 12 E0 70/ 
£0 FO 70 E0 12 


E0 FO 12 E071/ 
E0 FO 71 E012 


E0 FO 12 E0 6B/ 
E0 FO 6B E0 12 


EO FO 12 EO 6C/ 
E0 FO 6C E0 12 


E0 FO 12 E0 69/ 
EO FO 69 E0 12 


EO FO 12 E0 75/ 
EO FO 75 E0 12 


E0 12 £0 72/ 
E0 FO 70 E0 FO 12 


E012 £071/ 
£0 FO 71 EO FO 12 


EO 12 E0 6B/ 
E0 FO 6B E0 FO 12 


EO 12 E0 6C/ 
E0 FO 6C EO F012 


EO 12 E0 69/ 
E0 Fo 69 E0 FO 12 


E0 12 £0 75/ 
E0 FO 75 E0 FO 12 
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Table 8-11 (continued). Factored Keypad Scan Code Sets | 
SHIFT ACTIVE NUM LOCK ACTIVE | 
= MAKE/ BREAK MAKE/ BREAK MAKE / BREAK 
84 E0 72/ EO FO 12 £0 72/ E0 12 E0 72/ | 
E0 Fo 72 EO FO 72 E012 EO FO 72 EO FO 12 
PAGE UP EO 7D/ E0 FO 12 E07D/ E0 12 EO 7D/ 
EO FO 7D EO FO 7D E0 12 E0 FO 7D E0 FO 12 | 
PAGE DOWN EO 7A/ E0 FO 12 EO 7A/ EO 12 E0 7A/ 
E0 FO 7A E0 FO 7A E012 E0 FO 7AE0 FO 12 
> E0 74/ E0 FO 12 E0 74/ EO 12 E0 74/ | 
EO Fo 74 E0 FO 74 E0 12 EO FO 74E0 F012 
PRINT | 
SCREEN (see note 4) 
PAUSE/ 5 
BREAK (see note 5) 
Scan Code Set 3 
INSERT 67 FO 67 (see note 6) (see note 6) | 
DELETE 64 FO 64 
<- 61 FO 61 a 
HOME 6E FO 6E | 
END 65 FO 65 
83 63 FO 63 | 
84 60 FO 60 
PAGE UP 6F FO 6F 0 
PAGE DOWN 6D Fo 6D 
> 6A FO 6A | 
| 
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Table 8-11 (continued). Factored Keypad Scan Code Sets 


SHIFT ACTIVE NUM LOCK ACTIVE 


KEY 
MAKE/BREAK MAKE/ BREAK MAKE / BREAK 
PRINT 
SCREEN 57 FO5S7 
PAUSE/ 
BREAK 62 FO 62 
NOTES: 


1. All values are expressed in hexadecimal. 

2. Inscan code set 1 the Print Screen key generates EO 37/E0 B7 when 
the Shift key or the CTRL key is active. It also generates make/break 
code 54/D4 when the ALT key is active. 

3. This key generates E1 1D 45 E1 9D C5 when pressed. It does not 
generate a code when released. When the CTRL key is active EO 46 
EO C6 is generated. 

4. In scan code set 2 the PRINT SCREEN key generates EO 12 EO 7C/EO 
FO 7C EO FO 12. When the SHIFT key or the CTRL key is active it gener- 
ates make/break code EQ 7C/EO FO 7C. When the ALT key is active 
it generates 84/F0 84. 

5. This key generates E1 14 77 E1 FO 14 FO 77 when pressed. It does 
not generate a code when released. When the CTRL key is active E0 
7E E0 FO 7E is generated. 

6. The same codes are generated when the SHIFT or NUM LOCK keys are 
active. 


Table 8-12. Numeric Keycode Sets 


ee TL UEEE EEE SESE 


SCAN SET 1 SCAN SET 2 SCAN SET 3 

KEY 
MAKE BREAK MAKE BREAK MAKE ~~ BREAK 

NUMLOCK 45 cs 77 FO 77 76 FO 76 
1/END 4F CF 69 FO 69 69 FO 69 
2/ 50 DO 72 FO 72 72 FO 72 
3/PGON 51 D1 7A FO 7A 7A FO7A 
4 4B CB 6B FO 6B 6B FO 6B 
5/ 4c cc 73 FO 73 73 FO 73 
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Table 8-12 (continued). Numeric Keycode Sets 
Se ee i SCS EA 


SCAN SET 1 SCAN SET 2 SCAN SET 3 


MAKE BREAK MAKE BREAK MAKE BREAK 


6/ 4D cD 74 FO 74 74 FO 74 
7/HOME 47 C7 6C FO 6C 6C FO 6C 
8/ 48 C8 75 FO 75 75 FO 75 
9/PGUP 49 cg 7D FO7D 7D FO7D 
O/INSERT 52 D2 70 FO 70 70 FO 70 
-/DEL 53 D3 71 FO71 71 FO 71 

+ 4E CE 79 FO 79 7¢ FO 7C 
a 4A CA 7B FO 7B 84 FO 84 
* 37 B7 7C FO7C 7E FO 7E 


ENTER E01C E0 9C E0 5A EO FOS5A 79F079 


NOTES: 


In code set 1, the / key generates make/break code EO 35/EO BS and 
also generates EO AA EO 35/E0 BS EO 2A when the SHIFT key is active. 
In scan code set 2, the key generates EO 4A/EO FO 4A and, when the 
SHIFT key is active, it generates EO FO 12 4A/ EO 12 FO 4A. In scan code 
set 3, the key generates 77/FO 77. 


All values are expressed in hexadecimal. 
tee ie ie 


The following sections describe the system scan codes. A scan code 
refers to the hexadecimal value that is generated when a key is 
pressed. Scan codes consist of the key’s make/break code in con- 
junction with a standard ASCII code. The scan codes that are gener- 
ated when the SHIFT, CTRL, and ALT keys are active are also provided. 
The make/break codes for each code set (1, 2, and 3) are provided 
in Tables 8-7 through 8-11. 
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System Scan Codes 


The 101-key keyboard keys are configured in a matrix that consists 
of scan lines and sense lines. Each intersection point of the scan 
and sense lines represents a key location. The following sections 
are grouped into logical divisions according to key groups on the 
keyboard. Figure 8-1 illustrates the 101-key keyboard layout. 


JH) Hebe) (seg) 


DOOOPOE |e 
AOOOOWNNSEee 
HHOODE 
cHos oe aL 


IESE 


BEoso 
oOooac 


Figure 8-1. 101-Key Keyboard 


Alphabetic Keys 


The 26 alphabetic keys have the standard QWERTY typewriter ar- 
rangement and are identified in Figure 8-2. The SHIFT keys and the 
CAPS LOCK key affect the function of the alphabetic keys as on a 
typewriter. The exception is that the CAPS LOCK key affects only the 
alphabetic keys. All other keys are unaffected by its action. 


[6] PHS) PHOS] PHB) Bag 


CJ ier 
[-] £ 
Fa 


t 


On} 


Figure 8-2. Alphabetic Keys 
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When a key is pressed, a key code representing that particular key 
is generated by the keyboard and sent to the computer. The operat- 
ing system (and Monitor program) use the code in conjunction with 
standard ASCII values to generate scan codes. The scan codes 
can be affected by the active states of the SHIFT, CTRL, and ALT keys. 


Application programs are written to interpret the scan codes to exe- 
cute some task. 


When a key is released, a key “break” code is generated. Application 


programs can also be written to interpret these codes to execute 
some task. 


Table 8-13 details the key closure (make) codes, ASCII codes, and 
scan codes generated for the alphabetic keys. The scan codes pro- 
duced by the active SHIFT, CTRL, and ALT keys are also provided. 


Table 8-13. Alphabetic Key Codes (AT Mode) 


KEY PRESSED 
MAKE ASCII SCAN 


KEY CODE CODE CODE SHIFT CTRL ALT 


A 1EH 61H 1E61H 1£41H 1E01H 1E00H 
B 30H 62H 3062H  3042H 3002H 3000H 
Cc 2EH 63H 2E63H 3E43H 2E03H 2E00H 
D 20H 64H 2064H 2044H 2004H 2000H 
E 12H 65H 1265H 1245H 1205H 1200H 
F 21H 66H 2166H 2146H 2106H 2100H 
G 22H 67H 2267H 2247H 2207H 2200H 
H 23H 68H 2368H  2348H 2308H 2300H 
| 17H 69H 1769H 1749H 1709H 1700H 
J 24H 6AH 246AH 244AH 240AH 2400H 
K 25H 6BH 256BH 254BH 250BH 2500H 
L 26H 6CH 266CH 264CH 260CH 2600H 
M 32H 6DH 326DH 324DH 320DH 3200H 
N 31H 6EH 316EH 314EH 310EH 3100H 
fe) 18H 6FH 186FH 184FH 180FH 1800H 
P 19H 70H 1970H 1950H 1910H 1900H 
Q 10H 71H 1071H 1051H 1011H  1000H 
R 13H 72H 1372H 1352H 1312H 1300H 
Ss 1FH 73H 1F73H 1F53H 1F13H 1FOOH 
T 14H 74H 1474H 1454H 1414H 1400H 
U 16H 75H 1675H 1655H 1615H  1600H 
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Table 8-13 (continued). Alphabetic Key Codes (AT Mode) 


KEY PRESSED 
MAKE ASCII SCAN 
KEY CODE CODE CODE SHIFT CTRL ALT 


2FH 76H 2F76H 2F56H 2F16H 2FO0H 
11H 77H 4177H 1157H 1117H 1100H 
2DH 78H 2D78H 2D58H 2D18H 2D00H 


15H 79H 1579H 1559H 1519H 1500H 
2CH 7AH 2C7AH 2C5AH 2CiAH 2CO0H 


N<xs< 


Numeric and Punctuation Keys 


The numeric and punctuation keys, shown in Figure 8-3, include 
the numbers 0 through 9, the common punctuation marks, and the 
special programming characters that make up the remainder of the 
printable ASCII character set. Each of these keys can generate two 
characters. The uppercase character is generated when you press 
either SHIFT key in combination with another key. Table 8-14 details 
the make codes, ASCII codes, and scan codes generated for the 
numeric and punctuation keys. 


[6] BEBE Poo] Pes 
E] 


(_ 


Figure 8-3. Numeric and Punctuation Keys 
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Table 8-14. Numeric and Punctuation Key Codes 
ee a 


KEY PRESSED 

MAKE ASCII SCAN 
KEY CODE CODE CODE SHIFT CTRL ALT 
va Pe A eS A a 
v1 02H 31H 0231H  0221H 7800H 
@2 03H 32H 0332H 0340H 0300H 7900H 
#13 04H 33H 0433H 0423H 7AQ0H 
$/4 OSH 34H 0534H 0524H 7BO0H 
B/S 06H 35H 0635H  0625H 7COOH 
t/6 07H 36H 0736H 075EH O071EH 7DOOH 
&/7 08H 37H 0837H  0826H 7E00H 
*/8 09H 38H 0938H 092AH 7FOOH 
(/9 OAH 39H 0A39H 0A28H 8000H 
y/o OBH 30H 0B30H 0B29H 8100H 
J OCH 2DH 0C2DH OC5FH OC1FH 8200H 
+/=  ODH 3DH 0D3DH 0D2BH 8300H 
~}" 29H 60H 2960H  297EH 
{fl 1AH 5BH 1A5BH 1A7BH 1A1BH 
Vl 1BH 5DH 1B5DH 1B7DH 1B1DH 
f 27H 3BH 273BH 273AH 
De 28H 27H 2827H 2822H 
</, 33H 2CH 332CH 333CH 
>I. 34H 2EH 342EH 343EH 
I 35H 2FH 352FH 353FH 
I\ 2BH 5CH 2B5CH 2B7CH 2B1CH 


Function and Control Keys 


The function and control keys, shown in Figure 8-4, do not generate 
their own codes but modify the codes produced by other keys. They 
are described in Table 8-15 and their scan codes are listed in Table 
8-16. 


Figure 8-4. Function and Control Keys 
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Table 8-15. Function and Control Keys 


ee EEUU EEE 


KEY 


DESCRIPTION 


a SLE U EEE NSE EEE 


Left ALT 


Right ALT 


BACK SPACE 


BREAK 


CAPS LOCK 


Left CTRL 


Right CTRL 


Alternate. In addition to modifying the codes produced 
by other keys, the ALT key can be used to generate any 
hexadecimal code from 0 to FFH (0 to 255 decimal). The 
values are displayed as an equivalent ASCII character. 
Lock the keypad, press and hold either ALT key, and then 
enter the decimal value through the keypad. When you 
release the ALT key, the keyboard controller generates 
the hexadecimal value and the system displays it on the 
video monitor. 


Alternate. This key generates unique make and break 
codes (and therefore unique scan codes). Programs can 
be written to interpret the unique codes and execute a 
specific function. To allow compatibility with existing pro- 
grams, function calls O0H-02H remove the unique code 
characteristics from the right ALT key. It then functions 
like the left ALT key. 


Back space. Normally generates ASCII code 08H. 


Break. Normally used to break program execution. Press 
and hold the SHIFT key and then press the BREAK key. 


Caps Lock. Toggles the CAPS LOCK mode. The SHIFT keys 
reverse the action of the CAPS LOCK mode. 


Control. Modifies the codes produced by other keys by 
adding a special hexadecimal prefix code to the keys indi- 
vidual code. Applications recognize the additional code 
and respond as required. 


Control. This key generates unique make and break 
codes (and therefore unique scan codes). Programs can 
be written to interpret the unique codes and execute a 
specific function. To allow compatibility with existing pro- 
grams, function calls OOH-02H remove the unique code 
characteristics from the right CTRL key. It then functions 
like the left CTRL key. 
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Table 8-15 (continued). Function and Control Keys 
ee 


KEY DESCRIPTION 
se 
Cursor keys Cursor/screen control. Software uses the codes produced 


by these keys to move the cursor up, down, left, right, 
and control screen movement. The separate (gray) cursor 
control keys generate unique make and break codes. 
Software can be written to exploit these keys or a function 
call (00H-02H) can be used to provide the same functions 
as the cursor control keys on the numeric keypad. 


DEL Delete. The code produced by the DEL key is used by 
most text editing and word processing software to delete 
material. It is also used with the CTRL and ALT keys to 
reset the computer. The separate (gray) DELETE key gen- 
erates unique make and break codes. Software can be 
written to exploit these codes or a function call (O0H-02H) 
can be used to provide the same functions as the Del 
key on the numeric keypad. 


END End. The code produced by the END key is used by most 
text editing and word processing software for screen, 
page, or document manipulation. The separate (gray) END 
key generates unique make and break codes. Software 
can be written to exploit these codes or a function call 
(00H-02H) can be used to provide the same functions 
as the END key on the numeric keypad. 


ESC Escape. Normally generates ASCII code 1BH. 


Fi-F12 Function keys. The codes produced by these keys work 
with different software products that generate user- 
defined functions. 


HOME Home. The code produced by the HOME key is used by 
most text editing and word processing software for 
screen, page, or document manipulation. The separate 
(gray) HOME key generates unique make and break codes. 
Software can be written to exploit these codes or a func- 
tion call (OOH-02H) can be used to provide the same func- 
tions as the HOME key on the numeric keypad. 


Ea 
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Table 8-15 (continued). Function and Control Keys 


KEY 


NUM LOCK 


PGDN 


PGUP 


PRINT SCREEN 


ENTER/RETURN 


SCROLL LOCK 


SHIFT 


Space bar 


TAB 


DESCRIPTION 


Numbers Lock. When the computer is powered up, the 
keypad is active. This key toggles the keypad between 
numeric and cursor/screen control modes. The SHIFT keys 
reverse the numeric and cursor/screen control modes. 


Page Down. The code produced by the PGDN key is used 
by most text editing and word processing software for 
screen, page, or document manipulation. The separate 
(gray) PAGE DOWN key generates unique make and break 
codes. Software can be written to exploit these codes 
or a function call (OOH-02H) can be used to provide the 
same functions as the PGDN key on the numeric keypad. 


Page Up. The code produced by the PGUP key is used 
by most text editing and word processing software for 
screen, page, or document manipulation. The separate 
(gray) PAGE UP key generates unique make and break 
codes. Software can be written to exploit these codes 
or a function cal! (OOH-02H) can be used to provide the 
same functions as the PGUP key on the numeric keypad. 


Print Screen. Sends the contents of the screen to the 
LPT1 device. If the operating system is configured to map 
the parallel port to the serial port (COM1), the screen 
contents is routed through COM1. 


Enter/Return. Normally generates ASCII code ODH. Soft- 
ware usually adds ASCII code OAH. 


Scroll Lock. The code produced by this key is used by 
software to control screen scrolling. 


Shift. Modifies the codes produced by other keys. Re- 
verses the action of CAPSLOCK and NUMLOCK. 


Space. Normally generates ASCII code 20H. 


Tab. Normally generates ASCII code 09H. 
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Table 8-16. Function and Control Key Scan Codes 


KEY 


Fil 
Fi2 


BACK SPACE 
ESC 
RETURN 
Space bar 
7/HOME 
HOME 
9/PGUP 
PAGE UP 


1/END 
END 


3/PGDN 


PAGE DOWN 
DEL 


DELETE 
TAB 
PRINT 
SCREEN 


MAKE 
CODE 


3BH 
3CH 
3DH 
3EH 
3FH 
40H 
41H 
42H 
43H 
44H 
57H 
58H 


OEH 


01H 


1CH 


ASCII 
CODE 


00H 
00H 
00H 
00H 
00H 
00H 
OOH 
00H 
00H 
00H 
00H 
00H 


08H 


1BH 


ODH 


20H 


2DH 


EOH 


2DH 


EOH 


00H 
EOH 


00H 


EOH 
00H 


EOH 
09H 


SCAN 
CODE 


3B00H 
3C00H 
3D00H 
3E00H 
3FOOH 
4000H 
4100H 
4200H 
4300H 
4400H 
8500H 
8600H 


OE08H 


011BH 


1CODH 


3920H 


4737H 


47E0H 


4939H 


49E0H 


4F31H 
4FEOH 


5133H 


51E0H 
532EH 


53E0H 
OFOSH 


KEY PRESSED 
SHIFT CTRL ALT 
5400H 5E00H 6800H 
5500H 5FOOH 6900H 
5600H 6000H 6A00H 
5700H 6100H 6BO0H 
5800H 6200H 6CO0H 
5900H 6300H 6DO00H 
S5AO0H 6400H 6E00H 
5BOOH 6500H 6FO0H 
5COOH 6600H 7000H 
S5DO0OH 6700H 7100H 
8700H 8900H 8BO0H 
8800H 8A00H 8CO00H 
OEO8H OE7FH O£00H 
011BH 011BH 0100H 
1CODH 1COAH 1COOH 
3920H 3920H 3920H 
4700H 7700H 0007H 
47EOH 77EOH 97E0H 
4900H 8400H 9900H 
49EOH 84EOH 0009H 
4FOOH 7500H 9FOOH 
4FEO 75EOH  0001H 
5100H 7600H 
51EOH 76EOH A1EOH 
5300H 9300H 
53EOH 93E0H A300H 

9400H A500H 
7200H 
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Table 8-16 (continued). Function and Control Key Scan Codes 


KEY PRESSED 
MAKE ASCII SCAN 
KEY CODE CODE CODE SHIFT CTRL ALT 


NOTES: 


The scan code for the majority of keys consist of each key’s make code 
and its standard ASCII code. Some keys generate different scan codes 
with respect to their make codes, however. 


The codes marked with an asterisk are supplied in Table 8-15. 


The following keys do not generate unique scan codes but can modify 
the values of other scan codes: 


ALT 

CAPS LOCK 
CTRL 
NUMLOCK 
PAUSE 

SHIFT 
SCROLL LOCK 
BREAK 


Make/Break Key Codes 


Each time you press a key, it produces two distinct codes: the make 
code when the key is pressed and the break code when you release 
the key. One or more bytes are produced by the keyboard and 
interpreted by INT O9H. These codes are distinct from the scan 
codes resulting from the use of the INT 16H function. To access 
the make/break codes, INT 09H has to be modified. Do not alter 
this interrupt unless you are an experienced programmer. Table 8-17 
lists all the make/break codes for scan set 2. 
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Table 8-17. Make/Break Key Codes 


KEY 


N<XS<CHODOVOZEHAOTATIOMMIOVY 


POND 
SSP 
#F*® 


5/% 


L2exrtg 
= F35 


0/) 


do 


=/+ 
eS 
(K 

Y 


MAKE 


1EH 
30H 
2EH 
20H 
12H 
21H 
22H 
23H 
17H 
24H 
25H 
26H 
32H 
31H 


Table 8-17 (continued). 


KEY 


F10 
Fil 
Fi2 


BACK SPACE 
TAB 

CAPS LOCK 
SCROLL LOCK 
ENTER/RETURN 
Left SHIFT 
Right SHIFT 
Space bar 
ESC 

Left CTRL 
Left ALT 
Right CTRL 
Right ALT 
PAUSE 

PRINT SCREEN 
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Make/Break Key Codes 
MAKE BREAK 
27H A7H 
28H A8H 
33H B3H 
34H B4H 
35H BSH 
2BH ABH 
3BH BBH 
3CH BCH 
3DH BDH 
3EH BEH 
3FH BFH 
40H COH 
41H CIH 
42H C2H 
43H C3H 
44H C4H 
57H D7H 
58H D8H 
OEH 8EH 
OFH 8FH 
3AH BAH 
46H C6H 
1CH 9CH 
2AH AAH 
36H B6H 
39H BSH 
01H 81H 
1DH 9DH 
38H B8H 
EOH 1DH EOH 9DH 
EOH 38H EOH B8H 
E1H1DH 45H E1H 9DH C5H 


EOH 2AH EOH 37H 


EOH B7H EOH AAH 
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Table 8-17 (continued). 


Make/Break Key Codes 


KEY 


Factored Keypad 


INSERT 

HOME 

PAGE UP 
DELETE 

END 

PAGE DOWN 
Up arrow 
Left arrow 
Down arrow 
Right arrow 


Number Keypad 


OMNANAWN— 


NUM LOCK 
* 


MAKE BREAK 

EOH 2AH EOH 52H EOH D2H EOH AAH 
EOH 2AH EOH 47H EOH C7H EOH AAH 
EQH 2AH EOH 49H E0H C9H EOH AAH 
EOH 2AH EOH 53H EOH D3H EOH AAH 
EOH 2AH EOH 4FH EOH CFH EOH AAH 
EOH 2AH EOH 51H EOH D1H EOH AAH 
EOH 2AH EOH 48H EOH C8H EOH AAH 
EOH 2AH EOH 4BH EOH CBH EOH AAH 
EOH 2AH EOH 50H EOH DOH EOH AAH 
EOH 2AH EOH 4DH EOH CDH EOH AAH 
4FH CFH 

50H DFH 

51H D1iH 

4BH CBH 

4CH CCH 

4DH CDH 

47H C7H 

48H C8H 

49H C9H 

45H C5H 

37H B7H 

4AH CAH 

4EH CEH 

52H D2H 

53H D3H 

EOH 1CH EOH 9CH 

EOH 35H EOH B5H 


Chapter 9 
Input/Output Interrupts 


This chapter describes the interrupts used for communications, print- 
ers, and serial and parallel communications. 

Programming Input/Output Interrupts 

Table 9-1 defines the input/output interrupts described in this chap- 
ter. Refer to Chapter 6 for information on how to use and program 


these interrupts. 


Table 9-1. Input/Output Interrupts 


INTERRUPT FUNCTION 

05H Print screen 

OBH Communications (COM2) 

OCH Communications (COM1) 

ODH Alternate parallel printer (LPT2) 
OFH Parallel printer (LPT1) 

14H Serial input/output 

17H Printer input/output 

18H Parallel/serial configuration 
Print Screen (INT 05H) 


INT OSH sends the contents of the screen to the LPT device (usually 
a printer). Valid characters, or codes that match a valid character, 
are sent to the printer. All other shapes will be ignored by the default 
print screen routine. This interrupt routine performs the same func- 
tion as when you press the PRINT SCREEN key. 


To aid in using the print screen function, the system reserves a 
byte of memory at location 0050:0000 as a status byte. While the 
print screen routine is executing, this byte is set to 01H. This serves 
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as a flag to prevent additional print screen requests from being pro- 
cessed while the current routine is executing. Upon completion of 
the print screen routine, the status byte changes to OOH if no errors 
occurred or FFH if an error did occur. The error is usually caused 
by a printer timeout. 


Communications (INT OBH and INT 0CH) 


The INT OBH and INT OCH instructions provide serial communica- 
tions capabilities through COM1 (INT OCH) and COM2 (INT OBH). 
Note that COM2 is not supplied in the basic system configuration. 
The second port can be used if it is supplied on a supplemental 
controller card. These interrupts are normally reserved for use with 
applications software. If you want to use these interrupts for your 
own communication activities, you must supply your own input/out- 
put routines. 


NOTE: Interrupts INT 14H and INT 18H provide support for Monitor 
program and MS-DOS serial communications. 


Parallel Printer (INT ODH and INT OFH) 


INT OFH (LPT1) and INT ODH (LPT2) are the parallel communica- 
tions interrupts, generally used with printers. These interrupts are 
normally reserved for use with applications software. If you want 
to use these interrupts, you must supply your own input/output 
routines. 


NOTE: INT 17H provides complete support for parallel communica- 
tions. 


Serial Input/Output (INT 14H) 


INT 14H allows you to perform the serial functions described in 
Table 9-2 and explained in the following paragraphs. You must place 
a specific function code in the AH register before you can execute 
this interrupt. Register DX must be loaded with 0 for COM1 or 1 
for COM2. For more information, refer to “Parallel/Serial Configura- 
tion” in this chapter. 
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NOTE: The addressed serial device must be connected to the sys- 
tem. Since the Advanced Desktop computer has only one serial 
port, always set the DX register to 0 for COM1. 


Table 9-2. Serial Input/Output Function Codes 


CODE DESCRIPTION 

00H Initialize the serial input/output port 
O1H Send character to the serial port 

02H Receive character from the serial port 
03H Read communications status 


Function Code OOH: Initialize the Serial Input/Output Port — 
This function code initializes the parameters of the seria! port accord- 
ing to the value in the AL register. Table 9-3 through Table 9-6 
define the possible values for this code. Register DX must be loaded 
with 0 for the COM1 port. 


Table 9-3. Mode-Select Byte Breakdown 


BIT DESCRIPTION 

o-1 Sets word length (refer to Table 9-4) 

2 Sets number of stop bits: 0 = 1 stop bit, 1 = 2 stop bits 
34 Sets parity selection (refer to Table 9-5) 

5-7 Sets baud rate (refer to Table 9-6). 


Table 9-4. Word Length Selection 


BIT 1 BITO WORD LENGTH 

0 0 5 bits (not supported in PC-compatible computers) 
0 1 6 bits (not supported in PC-compatible computers) 
1 0 7 bits 

1 1 8 bits 


NOTE: When you transmit or receive a word with a length of less than 
eight bits, the character will be converted by the asynchronous communica- 
tions element. The asynchronous communications element will convert a 
transmitted word from a full 8-bit word to the specified length. A received 
word will be converted from the received length to a full 8-bit word. Extra 
bits will be ignored or set to 0. 
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Table 9-5. Parity Selection 


BIT4 BIT3 SELECTION 
0 0 No parity 

0 1 Odd parity 

1 0 No parity 

1 1 Even parity 


Table 9-6. Baud Rate Selection 


BIT7 BIT6 BITS BAUD RATE 
0 0 0 110 

0 0 1 150 

0 1 0 300 

0 1 1 600 

1 0 0 1200 

1 0 1 2400 

1 1 ie) 4800 

1 1 1 9600 


NOTE: Although the hardware is capable of handling other baud rates, 
these are the only rates supported by the interrupt. 


Upon return from the routine, the 16-bit AX register will contain the 
serial port status report. The eight bits of register AX that make 
up register AH will contain the line control status (refer to Table 
9-7). The eight bits of register AX that make up register AL will 
contain the modem control status (refer to Table 9-8). Function code 
03H of this interrupt will return the same report. 


Function Code 01H: Send Character to the Serial Port — This 
function code transmits the byte stored in the AL register out the 
specified serial port. Register DX must contain a 0 for the COM1 
port. 


Ea BE Pe | 


Page 9-5 
Input/Output Interrupts 


Upon return from the routine, the 16-bit AX register will contain the 
serial port status report. The eight bits of register AX that make 
up register AH will contain the line control status (refer to Table 
9-7). The eight bits of register AX that make up register AL will 
contain the modem control status (refer to Table 9-8). Function code 
03H of this interrupt will return the same report. 


NOTE: In place of the timeout error indicated in Table 9-7, the most- 
significant bit of register AH will contain the transmit status bit. If 
the routine cannot transmit the character placed in register AL for 
some reason, the transmit status bit will be set (1). 


Function Code 02H: Receive Character from the Serial Port — 
This function code loads the byte at the specified serial port into 
the AL register. Register DX must contain a 0 for the COM1 port. 


Upon return from the routine, the 16-bit AX register will contain the 
serial port status report. The eight bits of register AX that make 
up register AH will contain the line control status (refer to Table 
9-7). The eight bits of register AX that make up register AL will 
contain the modem control status (refer to Table 9-8). Function code 
03H of this interrupt will return the same report. 


NOTE: Bits 7, 4, 3, 2, and 1 of register AH will contain the data 
transfer status (refer to Table 9-7). If the contents of register AH 
is 0, the routine has read the byte properly into AL. If AH is not 
0, some type of error occurred. In these cases, time-out errors refer 
to either the absence of either the data set ready (DSR) signal or 
the clear to send (CTS) signal. 


Function Code 03H: Read Communications Status — This func- 
tion code will return a report of the status of the specified communi- 
cations port. Register DX must contain a 0 for the COM1 port. 


The status report returns as a bit-mapped value in register AX. The 
eight bits of register AX that make up register AH contain the line 
control status (refer to Table 9-7). The eight bits of register AX that 
make up register AL contain the modem control status (refer to Table 
9-8). 
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Table 9-7. Line Control Status 


BIT DESCRIPTION 

0 When set (1), the received data is ready. 

1 When set (1), an overrun error has occurred. Another character 
arrived before the system read the previously received charac- 
ter. 

2 When set (1), a parity error has occurred. The parity of the 
incoming character did not match the programmed parity selec- 
tion. 

3 When set (1), a framing error has occurred. The first bit of the 


word and the stop bit handle framing. Either the system incor- 
rectly received the transmitted character or the total number 
of characters in the received word did not match the pro- 
grammed selection. 


4 When set (1), remote BREAK key operation was detected. Some 
terminals have a BREAK key that, when pressed, will hold the 
data line low. 

§ When set (1), the transmitter holding register is empty. The 


serial input/output channel is ready to receive another character 
for transmission. 


6 When set (1), the transmitter shift register is empty. The 
specified serial input/output channel is not currently transmit- 
ting. 

7 When set (1), a time-out error occurred. The receiving device 


did not respond within a reasonable period of time. A printer, 
when off line, will typically return this type of error. 


Table 9-8. Modem Control Status 


BIT DESCRIPTION 

0 When set (1), the clear to send (CTS) line has changed state. 

1 When set (1), the data set ready (DSR) status has changed. 

2 When set (1), the tailing edge of the ring signal has been de- 
tected. 

3 When set (1), the carrier detect (CD) signal has changed state. 

4 This bit reflects the current state (high or low) of the clear to 
send line. 

5 This bit reflects the current state (high or low) of the data set 
ready line. 

6 This bit reflects the current state (high or low) of the ring indi- 
cator line. 

7 This bit reflects the current state (high or low) of the carrier 
detect line. 
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Printer Input/Output (INT 17H) 


INT 17H performs input/output functions for the parallel port on the 
computer. Before executing the interrupt, load the AH register with 
one of the function codes described in Table 9-9. This interrupt uses 
the parallel configuration table, set up by interrupt 18H, to complete 
its operation. Refer to “Parallel/Serial Configuration” in this chapter. 


Table 9-9. Printer Input/Output Function Codes 


FUNCTION 
CODE DESCRIPTION 
00H Print the next character. Sends the character in the AL regis- 


ter to the port. If the parallel device does not return a ready 
status within a reasonable amount of time, set bit 0 of the 
AH register (1), otherwise the register will return the status 
report (refer to Table 9-10). Load the DX register with the 
port number to be used (OOH for LPT1, 01H for LPT2, etc.). 

01H Initialize the printer port. Register AH will return the status 
report following execution of the interrupt (refer to Table 9- 
10). 

02H Read status of printer port. This function returns the status 
report (refer to Table 9-10) in register AH. 


Table 9-10. Parallel Printer Status Report 


BIT DESCRIPTION 


0 A timeout error has occurred. The parallel device is probably 
not ready, perhaps off line. 

Not used. 

Not used. 

An input or output error has occurred. 

The device is on line. 

The out of paper signal is active. 

The receiver acknowledges the transmitted character. 

The device is busy or in an error state. 


NOORWON 
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Parallel/Serial Configuration (INT 18H) 


INT 18H serves as a pointer to the parallel and serial channel device 
tables. These are the tables used by MS-DOS and many application 
packages to configure the computer's serial and parallel ports. This 
interrupt can also route the parallel printer output to a serial com- 
munications channel. 


NOTE: In computers that contain BASIC in ROM, this interrupt 
points to the BASIC program. Programs that make a specific call 
to BASIC ROM routines will not work on the Advanced Desktop 
computer. 


In order to maintain compatibility between various versions of MS- 
DOS, the Monitor program loads the default configuration tables. 
MS-DOS and application programs can either modify these tables 


or install new tables and modify the pointers accordingly. Figure 
9-1 illustrates the format of the serial and parallel device parameter 


mapping table. 
PARRALLEL ROM ENTRY 
DEVICE #1 FROM 


INTERRUPT 17H 
SERIAL 
DEVICE #4 ROM ENTRY 
INTERNAL FROM 
occa INTERRUPT 14H 


Figure 9-1. Serial and Parallel Device Layout 
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Parallel Format 


Table 9-11 shows the format for each of the three 4-byte parallel 
maps. 


Table 9-11. Parallel Map Format 


ns 


BYTE PARAMETER DESCRIPTION 


a, 


1 Performs remapping, parity, and uppercase/lowercase handling 
as described in Table 9-12. 

2 Contains the ASCII value of the pad character used after a 
CR has been sent. 

3 Contains the number of pad characters to send. 

4 Contains the timeout value for the parallel device. 


NOTE: You can modify these parameters by using the MS-DOS CON- 
FIGUR utility supplied with Zenith Data Systems versions of MS-DOS for 
this computer. 


Table 9-12. Parallel Map Byte #1 


BIT DESCRIPTION 


0-3 Remapping. The value stored in these bits determines the paral- 
lel device mapping. If the value is 0, no mapping takes place. 
If the value is 1, the output is remapped to COM1. If the value 
is 2, the output is remapped to COM2 (Since the computer 
has only one COM port, do not use this option). Values of 3 
or greater are not used. 


4 {f set (1), strip parity on output. 

5 Not used. 

6 If set (1), convert (map) lowercase output to uppercase. 
7 Not used. 


——___ eee 
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Serial Format 


Table 9-13 shows the format for the two 8-byte serial maps. 


Table 9-13. Serial Map Format 


BYTE 


1 


2 


3 


4 
5 


NO 


DESCRIPTION 


Bit-mapped to indicate the type of handshaking that will be used 
by this channel (refer to Table 9-14). 

Bit-mapped to indicate the attributes used by this channel for 
code transmission (refer to Table 9-15). 

Contains the ASCII code for the pad character sent following 
aCR. 

Contains the number of pad characters to send. 

Used as a flag for burst transmission with ETX/ACK handshak- 
ing. 

Used as a counter for ETX/ACK handshaking. 

Bit-mapped to indicate the parameters used during initialization 
of this channel. (refer to Table 9-16). 

Reserved. 


Table 9-14, 9-15, and 9-16 contain the bit-mapped information for 
byte #1 (handshaking), #2 (attributes), and #7 (initialization param- 
eters), respectively, of the serial map. 


Table 9-14. Byte #1 (Handshaking) 


BIT 


0 


DESCRIPTION 


Compatibility bit. If set (1), use IBM-compatible DTR and RTS 
signals for handshaking when active-high. If clear (0), bit 1 de- 
termines the type of handshaking protocol used (hardware or 
software). 

Hardware/software protocol bit. if set (1), use software hand- 
shaking; if clear (0), use hardware handshaking. 

DC1/DC3, EXT/ACK, DTR handshaking, based on the condition 
of bit 1. With bit 1 set, a set condition (1) on this bit indicates 
DC1/DC3 protocol. If this bit is clear (0), use ETX/ACK protocol. 
With bit 1 clear, a set condition (1) on this bit indicates DTR 
handshaking protocol. If this bit is clear (0), DTR is not in use 
(see bit 4). 
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DTR polarity bit, based on the condition of bits 1 and 2. If bit 
1 is clear (0) (hardware handshaking is in effect) and bit 2 set 
(1) (DTR handshaking is used), this bit determines the polarity 
of DTR handshaking: if set (1), DTR handshaking is active high; 
if clear (0), DTR handshaking is active low. 

If bit 1 is clear, software handshaking is in effect and this bit 
indicates if software is waiting for a handshake signal: if set 
(1), itis waiting; if clear (0), itis not. 

RTS handshaking bit, based on the condition of bit 2. If bit 
1 is clear (0), hardware handshaking is in effect. If this bit is 
set (1), RTS handshaking is used; if clear (0), RTS handshaking 
is not used. 

RTS polarity bit, based on the condition of bits 1 and 4. If bit 
1 is clear (0), hardware handshaking is in effect and this bit 
indicates the polarity of RTS handshaking when bit 4 is set 
(1). If this bit is set (1), RTS handshaking is active high; if clear 
(0), RTS handshaking is active low. 


Table 9-15. Byte #2 (Parity and Case Mapping) 


BIT DESCRIPTION 

0 If clear (0), do not strip the parity bit on input; if set (1), strip 
the parity bit on input. 

1 If clear (0), do not strip the parity bit on output; if set (1), strip 
the parity bit on output. 

2 If set (1), convert (map) lowercase alphabetic characters to up- 
percase on input; if clear (0), do not convert lowercase alphabe- 
tic characters to uppercase on input. 

3 If set (1), convert (map) lowercase alphabetic characters to up- 


percase on output; if clear (0), do not convert lowercase al- 
phabetic characters to uppercase on output. 


eee 
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Table 9-16. Byte #7 (Word Length, Stop Bits, Parity, and Baud 


Rate) 
BIT DESCRIPTION 
0-1 Determines the number of bits in a word. If the value is 0 (00), 


use five bits (not used in most PC-compatible applications). 
lf the value is 1 (01), use six bits (not used in most PC-compati- 
ble applications). If the value is 2 (10), use seven bits. If the 
value is 3 (11), use eight bits. 

2 Determines the number of stop bits. If set (1), use two stop 
bits. If clear (0), use 1 stop bit. Even though the hardware is 
capable of 1.5 stop bits, you cannot program this interrupt to 
use that value. You must program the hardware directly. 

3-4 Determines the parity used. If the value is 0 (00) or 2 (10) 
no parity is used, a 1 (01) indicates odd parity, and a 3 (11) 
indicates even parity. 

5-7 Determines the baud rate used (refer to Table 7-6). 


Chapter 10 
Disk Drive Interrupts 


Chapter 6 provided general information about using and program- 
ming interrupts. This chapter provides specific information about the 
nine interrupts used for disk input, output, and setup. Table 10-1 
lists the disk drive interrupts described in this chapter. 


Table 10-1. Disk Drive Interrupts 


INTERRUPT FUNCTION 


OEH Floppy disk hardware interrupt return 

13H Floppy and hard disk software input/output call 
19H Operating system boot routine call 

1EH Floppy disk parameters 

40H Floppy disk software input/output call 

41H Hard disk 0 parameters 

46H Hard disk 1 parameters 

4BH Hard disk 2 parameters 

76H Hard disk hardware interrupt return 


Floppy and Hard Disk Drive Hardware 
Interrupt Return (INT OEH and INT 76H) 


INT OEH services command complete interrupts from the floppy disk 
controller (FDC). Upon completion of a command, the FDC returns 
an interrupt causing a jump to this vector. INT 76H performs the 
same function for the hard disk controller (HDC). These interrupt 
routines cannot be altered without affecting the performance of the 
Advanced Desktop computer. Do not modify these interrupts with 
user programs. 


Page 10-2 
Disk Drive Interrupts 


Disk Input/Output (INT 13H and INT 40H) 


These interrupts provide access to the system’s disk drives. They 
allow you to call a particular BIOS routine and carry out a disk opera- 
tion such as reading or writing a sector. INT 13H is capable of han- 
dling either floppy disk or hard disk operations. INT 40H is capable 
of handling only floppy disk operations. When INT 13H is called, 
the routine checks the contents of the DL register. If the most-signifi- 
cant bit of the register is set (the drive identification code is 8X, 
indicating that a hard disk operation was requested) the request 
is handled. If the most-significant bit is clear (the drive identification 
code is OX), the floppy disk operation is passed to the floppy disk 
driver routine and handled by INT 40H. The drive identification codes 
are listed in Table 10-3. Floppy operations may be passed directly 
to INT 40H without going through INT 13H. 


Before calling a particular routine, the CPU registers must be in- 
itialized. Any interrupt that is called without first initializing the appro- 
priate CPU registers will cause a jump to a return (RET) function 
(no operation). The discussion of each function provides specific 
information about initializing the registers. To identify a particular 
function, its code is loaded into the AH register. Table 10-2 describes 
the function codes used with INT 13H and INT 40H. 


Table 10-2. Disk Drive Function Codes 


CODE FUNCTION DESCRIPTION 


00H Reset disk system Resets each disk drive and 
drive controller and reprog- 
rams the controllers for the 
appropriate drive characteris- 
tics. 


O1H Read disk status Returns the error status infor- 
mation for the drive last used 
in a disk input/output opera- 
tion. 


02H Read sectors from a disk Reads specified sector(s) into 
a buffer and returns error in- 
formation. 
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Table 10-2 (continued). 


CODE 


03H 


04H 


05H 


08H 


09H 


OAH 


OBH 


OCH 


ODH 


OFH 


FUNCTION 


Write sectors to a disk 


Verify sector(s) 


Format a track 


Return drive parameters 


Set hard drive parameters 


Read sectors with ECC bytes 


Write sectors with ECC bytes 


Seek 


Reset hard disk drives 


Return drive type 


Disk Drive Function Codes 


DESCRIPTION 


Writes buffer contents to 
specified sector(s) and returns 
error information. 


Tests specified sector(s) for 
readability and returns error 
information. 


Formats specified tracks and 
returns error information. 


Returns drive parameter block 
information for the drive 
specified. 


Writes hard drive parameter 
block information from the ta- 
bles pointed to by INT 41H 
and INT 46H to the HDC. 


Reads data and ECC bytes 
from specified sectors to 
specified memory block. 


Writes data and ECC bytes 
from specified memory block 
to specified number of sec- 
tors. 


Moves the heads of the 
specified drive to the specified 
track or cylinder. 


Resets the specified hard disk 
drive. 


Returns drive type information 
for the drive specified. 
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Table 10-2 (continued). Disk Drive Function Codes 
CODE FUNCTION DESCRIPTION 


10H Test For hard disk drive operations, 
this function tests the status of 
the drive ready line. For floppy 
disk drive operations, it tests 
the disk changed line status. 


11H Set drive type/recalibrate For floppy disk drive opera- 
tions this function allows drive 
type to be specified prior to 
formatting. For hard disk drive 
operations, this function 
causes the specified drive to 
seek to Track 00. 


12H Set media type Allows maximum number of 
heads, tracks, and sectors to 
be specified prior to format- 
ting. 


14H HDC self-test This function causes the hard 
disk controller (HDC) to exe- 
cute its internal diagnostics 
and report any errors. 


15H Return DASD type lf a hard disk drive (Direct Ac- 
cess Storage Device) is in- 
stalled, this function returns 
the number of 512 byte sec- 
tors available. 


18H Acknowledge cartridge change This function call acknowl- 
edges the cartridge changed 
signal for the drive specified. 


19H Reinitialize DMA 360 drive This function call causes the 
DMA 360 (removable car- 
tridge) drive specified to reset. 
If the drive specified is not a 
DMA 360 drive, an error code 
is generated. 
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Table 10-2 (continued). Disk Drive Function Codes 


CODE FUNCTION DESCRIPTION 


1BH Assert recovery mode This function call is used loc- 
ally by the hard disk drive in- 
terrupt handler in the event of 
errors during read operations 
on removable cartridge drives. 


1CH Deassert recovery mode This function call is used loc- 
ally by the hard disk drive in- 
terrupt handler in the event of 
errors during read operations 
on removable cartridge drives. 


Drive Selection 


The ‘routines called by INT 13H or INT 40H control a maximum 
of two floppy disk drives and two hard disk drives. If your system 
contains more than two floppy disk drives or more than two hard 
disk drives, you will need to program the disk controllers directly. 
Refer to Chapter 16 for programming information. All function calls 
except reset drive system (00H) and read disk status (01H) require 
that you select a particular drive to perform the operation. To select 
a particular drive, load one of the drive codes listed in Table 10-3 
into the DL register. 


Table 10-3. Drive Identification Codes 


CODE DRIVE 


00H Floppy disk drive 1 
01H Floppy disk drive 2 
80H Hard disk drive 1 
81H Hard disk drive 2 
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Error Status Codes 


Many of the function calls return an error status code in either the 
AH or the AL register. The description of the individual functions 
indicates which register to read for that particular call. Table 10-4 
lists each of the codes and describes the disk status indicated. 


Hard disk drive operations retry four times before setting the CF 
flag and sending the error status code to either the AH or the AL 
register. If either register or the carry flag indicates an error, reset 
the drive using function code OOH and then retry the operation. 


Floppy disk drive operations do not retry. The carry flag is set and 
an error status code is sent to the appropriate register as soon 
as an error is encountered. If the CF flag and AH or AL register 
indicate an error occurred, reset the drive using function code 00H 
and retry the operation at least three times. 


Table 10-4. INT 13H and INT 40H Error Status Codes 


CODE DISK STATUS OR ERROR 


00H No error. The last operation was successfully completed. 

01H Illegal function. An illegal function number was called. 

02H No address mark. The address mark or sector header was not 
found. 

03H Write protected. A write operation was attempted to a write-pro- 
tected disk. 

04H Sector not found. The selected sector could not be located. 

05H Reset failed. The reset operation failed. Track 00 was not de- 


tected or invalid drive information was stored in CMOS. 


06H Disk change. The disk has been changed since the last disk 
VO operation. 
07H Parameter failure. The drive parameters could not be sent to 


the controller. 


Page 10-7 


Disk Drive Interrupts 


nn —.s 


Table 10-4 (continued). INT 13H and INT 40H Error Status 


Codes 


En. TSF 


CODE 


DISK STATUS OR ERROR 


aaa 


DMA overrun. A DMA overrun occurred and data was lost. 


Transfer incomplete. The data to be transferred would not fit 
in the specified segment. 


Bad track. The controller detected a bad track flag. 


CRC error. The CRC read from the disk did not match the calcu- 
lated CRC value. (Refer to Chapter 16 for the CRC polynomial.) 


Soft error. The controller detected a correctable error and the 
data read was corrected using ECC. 


Invalid information. The FDC or HDC responded to the function 
call with invalid information. 


Seek failure. The drive could not seek to the specified track. 


No response. The FDC or HDC did not respond to the function 
call. 


Undefined error. The controller responded with an undefined 
error code. 


No drive status. The sense drive status operation failed. 


ED 


Function Call Codes 


Function Code 00H: Reset Disk System — Calls the interrupt 
routine that resets each disk drive in the system. The reset sequence 
moves the read/write head(s) to track 0. This interrupt also resets 
both drive controllers and programs them with the drive characteris- 
tics stored in the drive parameter tables pointed to by INT 1EH, 
INT 41H, INT 46H, and INT 4BH. 
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Function Code 01H: Read Disk Status — Calls the interrupt 
routine that returns the disk status code in register AL. Use this 
call when an applications program needs to see the disk status 
generated by the last disk operation. Table 10-4 describes the error 
status codes returned by this operation. 


Function Code 02H: Read Sector(s) — Calls the interrupt routine 
that reads the specified number of sectors into the disk buffer. Table 
10-5 lists the information that must be loaded into each CPU register 
prior to calling this function. This information is also used to initialize 
the CPU for write sectors, verify data, read sectors and ECC bytes, 
and write sectors and ECC bytes function calls. 


Table 10-5. CPU Register Initialization — Function Codes 
02H-04H and Function Codes 0AH-0BH 


REGISTER CONTENTS 


AH Initialize this register with the function code. 

AL Initialize this register with the number of sectors to be trans- 
ferred. 

CH For floppy drive operations, initialize this register with the 


starting track. For hard disk operations, initialize this register 
with the eight least-significant bits of the starting cylinder 
number. 


CL For floppy drive operations, initialize this register with the 
logical starting sector number. For hard drive operations, in- 
itialize the six most-significant bits with the logical starting 
sector number and the two least-significant bits with the two 
most-significant bits of the starting cylinder number. 


DH Initialize this register the head or disk side number. Use 
either the value OOH or 01H if register DL specifies a floppy 
disk drive. Use a value between 0OH-OFH if DL specifies 
a hard disk drive. 


DL Refer to Table 10-3 and initialize this register with the drive 
identification code. 
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Table 10-5 (continued). CPU Register Initialization — Function 
Codes 02H-04H and Function Codes 
OAH-OBH 


a 


REGISTER CONTENTS 


nn EE 


ES:BX For function call 02H, initialize this register pair with the 
pointer to (address of) the disk buffer the segment number 
in register ES and the offset address in register BX. For 
function call 03H, these registers will contain a pointer to 
the memory address for the data to be transferred. The 
ES:BX register pair need not be initialized for function call 
04H since the call verifies data without actual transferring 
it to the CPU. 


nc 


Upon completion of the operation, the controller returns drive status 
information through the AH register and the full carry (CF) flag. If 
the operation was successful, the CF flag will be clear. The AH 
register will contain one of the error status codes listed in Table 
10-4. 


Function Code 03H: Write Sector(s) — Calls the interrupt routine 
that writes the contents of the disk buffer into the specified number 
of sectors on the disk. Refer to Table 10-5 for the initialization infor- 
mation required for this operation. As with the read sector call, upon 
completion of the operation, the drive controller returns drive status 
information through the AH register and CF flag. The AH register 
will contain the error status code (refer to Table 10-4) and the CF 
flag will be cleared if the operation was successfully completed. 


Function Code 04H: Verify Sector(s) — Calls the interrupt routine 
that tests the specified sector(s) to verify that the data is readible. 
if errors that cannot be corrected using either ECC or CRC methods 
are detected, the CF flag is set. If correctable errors are encoun- 
tered, the operation is considered successfully completed and the 
CF flag is cleared. In either case, an error code (refer to Table 
10-4) is returned in the AH register. The data read is not transferred 
during this procedure. Table 10-5 lists the initialization information 
required for this operation. 


Page 10-10 


Disk Drive Interrupts 
a ee Ss, 


Function Code 05H: Format a Track — Calls the interrupt routine 
that formats the specified track. You must place the sector header 
information for each sector on the track in a block in memory. Table 
10-6 lists the initialization information that must be loaded into the 
CPU registers prior to calling this function. The CF flag will be set 
upon completion of the operation if an error occurred. The error 
status code (see Table 10-4) will be returned in register AH. 


Table 10-6. CPU Register Initialization — Function Code 05H 


REGISTER 


CONTENTS 


AH 


AL 


CH 


CL 


DH 


DL 


ES:BX 


Initialize this register with the function code. 


For floppy drive operations, initialize this register with the 
number of sectors per track. For hard drive operations, in- 
itialize this register with the value (01H to 10H) of the inter- 
leave. For example, for an interleave of 2 to 1 , enter 02H. 


For hard drive operations, initialize this register with the eight 
least-significant bits of the logical starting cylinder. This reg- 
ister is not used for floppy drive operations. 


For hard drive operations, initialize two least-significant bits 
of this register with the two most-significant bits of the logical 
starting cylinder number. This register is not used for floppy 
drive operations. 


For floppy drive operations, initialize this register with the 
side select number (00H or 01H). For hard drive operations, 
initialize this register with the head number (OOH~OFH). 


Refer to Table 10-3 and initialize this register with the drive 
identification code. 


For floppy drive operations, this register pair is initialized 
as a pointer to a memory block containing the sector header 
information for each of the sectors to be formatted. The regis- 
ter pair is not used for hard drive operations. 


ee 
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Function Code 08H: Return Drive Parameters — Cails the inter- 
rupt routine that reads and reports the drive parameters block for 
the drive specified in the DL register. To execute the function call, 
load the function code into register AH and the drive identification 
code from Table 10-3 into the DL register. The controller then reads 
the parameters block and returns the drive parameters information 
to one of the CPU registers. Table 10-7 lists the CPU registers 
and their contents. For floppy drive operations, if no drives are in- 
stalled, each of the registers listed will contain OOH. If the drive 
number is invalid, the drive type is unknown, or CMOS drive informa- 
tion is invalid, bad, or not present, the value returned in the DL 
register will be valid and all other registers will contain 00H. For 
hard drive operations, if an error occurs an error status code (see 
Table 10-4) will be returned in register AH. In either case, if an 
error occurs the CF flag will be set. 


Table 10-7. CPU Register Results — Function Code 08H 


REGISTER CONTENTS 


AH This register returns the value OOH for all floppy operations. 
For hard drive operations, it returns an error status code. 


BL For floppy drive operations, this register returns the drive 
type information stored in CMOS. It is not used for hard 
drive operations. 

CH For floppy drive operations, this register returns the last ad- 


dressable track number. For hard drive operations, the last 
addressable cylinder number is returned. 


CL This register returns the last addressable sector number. 
DL This register returns the number of drives installed. 
DH This register returns the last addressable head number for 


the drive selected. 


ES:DI For floppy drive operations, this register pair returns an ad- 
dress pointer for the drive parameters block for the selected 
drive. The register pair is not used for hard drive operations. 
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Function Code 09H: Set Hard Drive Parameters — Calls the inter- 
rupt routine that causes the drive parameters block pointed to by 
INT 41H to be sent to the controller as drive characteristics for hard 
disk drive 0 and the drive parameters block pointed to by INT 46H 
to be sent as drive characteristics for hard disk drive 1. The format 
for the drive parameters blocks is described Table 10-16. To execute 
the function call, load the function code into the AH register and 
the starting drive code (see Table 10-3) into the DL register. If the 
drive characteristics cannot be transferred to the controller, the CF 
flag will be set and the AH register will return an error status code. 


Function Code OAH: Read Sectors with ECC Bytes — Calls the 
interrupt routine that reads the specified long sectors into a specified 
memory block. This function is similar to the read sectors function 
(function code 02H) but is valid for hard drive operations only. Typi- 
cally, it causes 516-byte sectors (512 data bytes and 4 ECC bytes) 
to be read from hard disks. Table 10-5 lists the CPU register initiali- 
zation information required for this function call. Upon completion 
of the operation, an error status code (see Table 10-4) is returned 
to register AH. If the operation was successfully completed, the CF 
flag will be cleared. 


Function Code OBH: Write Sectors with ECC Bytes — Calls the 
interrupt routine that writes long sectors from a specified memory 
block into specified sectors. This function is similar to the write sec- 
tors function (function code 03H) but is valid only for hard drive 
operations. Typically, it causes 516-byte sectors (512 data bytes 
and 4 ECC bytes) to be written. Table 10-5 lists the CPU register 
initialization information required for this function call. Upon comple- 
tion of the operation, an error status code (see Table 10-4) is re- 
turned to register AH. If the operation was successfully completed, 
the CF flag will be cleared. 
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Function Code 0CH: Seek — Calls the interrupt routine that moves 
the heads of the specified hard disk drive to the specified cylinder. 
Table 10-8 lists the CPU initialization information required for this 
function call. Upon successful completion of the operation the CF 
flag is cleared. The error status code (see Table 10-4) is returned 
in register AH. 


Table 10-8. CPU Register Initialization — Function Code 0CH 


a ne LUE EERE 


REGISTER CONTENTS 


LEE 


AH Initialize this register with the function code. 


CH Initialize this register with the eight least-significant bits of 
the cylinder number. 


CL Initialize the two least-significant bits of this register with the 
two most-significant bits of the cylinder number. 


DL Initialize this register with a hard disk drive identification code 
from Table 10-3. 
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Function Code ODH: Reset Hard Disk Drive — Calls the interrupt 
routine that resets the specified hard drive. This function call is simi- 
lar to the reset disk system function (function call OOH) but resets 
only the specified hard drive. To execute this call, initialize the DL 
register with a hard disk drive identification code from Table 10-3. 
If the operation is successfully completed the CF flag will be cleared. 
An error status code (see Table 10-4) is returned in register AH. 
This command is valid for hard drive operations only. 


Function Code OFH: Return Drive Type — Calls the interrupt 
routine that reads and reports the drive type information for the 
specified drive. To execute this call, initialize the AH register with 
the function code and the DL register with a drive identification code 
from Table 10-3. Upon completion of the command, a device type 
code will be returned in the AL register. Table 10-9 describes the 
device type codes. 
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Table 10-9. CPU Register Results — Function Code 0FH 


DEVICE 

TYPE 

CODE DESCRIPTION 

00H This result byte indicates a non-existent device. 

01H This result byte indicates that the drive is a removable media 


device and no media change was detected. 


02H This result byte indicates that the drive is a removable media 
device and a media change was detected. 


03H This result byte indicates that the drive is a fixed media device. 


Function Code 10H: Test — Calls the interrupt routine to check 
the status of the drive ready line for the specified hard disk drive 
or the status of the media changed line for floppy disk drives. To 
execute this call, initialize the AH register with the function code 
and the DL register with a disk drive identification code from Table 
10-3. 


Upon completion of this operation on floppy drives, the CF flag will 
be set if a media change has been detected, or clear if no media 
change is detected. Table 10-10 describes the media state code 
that will be returned in the AH register. Upon completion of the 
operation on a hard drive, the CF flag will be set if the drive is 
not ready, or cleared if the drive is ready. An error status code 
(see Table 10-4) will be returned to the AH register. 


Table 10-10. CPU Register Results — Function Code 10 


MEDIA 

STATE 

CODE DESCRIPTION 

00H This code indicates that the media changed line was inactive. 
06H This code indicates that the media changed line was active. 

80H This code indicates that the operation was attempted on a drive 


that was not present in the system. 
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Function Code 11H: Set Drive Type /Recalibrate — For hard drive 
operations, this function calls the interrupt routine that recalibrates 
the specified drive (move the read/write heads to cylinder 0). To 
execute this call, register AH is initialized with the function code 
and register DL is initialized with the drive identification code from 
Table 10-3. Upon completion of the operation, the CF flag is set 
if an error was encountered. An error status code (see Table 10-4) 
is returned in the AH register. 


For floppy drive operations this function calls the interrupt routine 
that sets the device type for the specified floppy drive. Either this 
function call or function call 12H must be successfully executed prior 
to formatting a floppy disk. To execute this function call, initialize 
the AH register with the function code, the DL register with a drive 
identification code from Table 10-3, and the AL register with a device 
type code from Table 10-11. Upon completion of the operation, an 
error status code (see Table 10-4) will be returned in register AH. 


Table 10-11. CPU Register Initialization — Function Code 11H 


DEVICE 

TYPE 

CODE DESCRIPTION 

01H This code indicates a 360K disk in a 360K drive. 
02H This code indicates a 360K disk in a 1.2M drive. 
03H This code indicates a 1.2M disk in a 1.2M drive. 
04H This code indicates a 720K disk in a 1.2M drive. 


Function Code 12H: Set Media Type — Calls the interrupt routine 
that initializes the FDC with the last addressable track and sector 
number prior to formatting a disk. Either this function call or function 
call 11H must be successfully completed before a formatting opera- 
tion can be executed. To execute this call, initialize the AH register 
with the function code, the DL register with a floppy drive identifica- 
tion code (see Table 10-3), the CH register with the last addressable 
track number, and the CL register with the last addressable sector 
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number. Upon successful completion of the operation, the CF flag 
will be cleared. Table 10-12 lists the result codes returned to the 
AH register. This function is valid for floppy drive operations only. 


Table 10-12. CPU Register Results — Function Code 12H 


RESULT 
CODE DESCRIPTION 


00 This code indicates that the operation was successfully com- 
pleted and the input parameters are valid. 


01 This code indicates that the operation was not completed and 
that the function is not supported. 


0c This code indicates that the operation was not completed and 
that the input parameters are invalid. 


Function Code 14H: Hard Disk Controller Self-Test — Calls the 
interrupt routine that runs the controller's self-tests. These tests in- 
clude a check of the controller's processor, data buffer, ECC circuits, 
and ROM checksum. To execute these tests, initialize the AH regis- 
ter with the function code. Upon successful completion of the tests, 
the CF flag will be cleared. An error status code (see Table 10-4) 
is returned in the AH register. This function is valid for hard disk 
drive operations only. 


Function Code 15H: Return DASD (Direct Access Storage De- 
vice) Type — Calls the interrupt routine that returns the number 
of 512 byte data sectors available on the selected hard disk drive. 
This function code is valid for hard drive operations only. To execute 
this call, initialize the AH register with the function code and the 
DL register with a hard drive identification code. The routine returns 
OOH in the AH register if the operation was attempted on a drive 
not present in the system, 03H if the drive specified was a valid 
hard disk drive. The CX and DX registers return the number of avail- 
able data sectors. This number is valid only if the AH register con- 
tains the 03H valid drive code. 


Page 10-17 
Disk Drive Interrupts 


Function Code 18H: Acknowledge Cartridge Changed — Calls 
the interrupt routine that acknowledges and deasserts the cartridge 
changed signal. To execute this call, initialize the AH register with 
the function code and the DL register with a hard drive identification 
code from Table 10-3. Upon successful completion of the operation, 
the CF flag is cleared. An error status code (see Table 10-4) is 
returned in the AH register. This function is valid for removable car- 
tridge hard drives only. 


Function Code 19H: Reinitialize DMA 360 (Removable Car- 
tridge) Drive — Calls the interrupt routine that reinitializes the 
specified removable cartridge hard disk drive. To execute this func- 
tion call, load the function code into register AH and a hard disk 
drive identification code from Table 10-3 into the DL register. If the 
operation is attempted on a drive that is not a DMA 360 drive or 
if an error occurs, the CF flag is set. An error status code (see 
Table 10-4) is returned in the AH register. This function is valid 
for removable cartridge hard disk drives only. 


Function Code 1BH: Assert Recovery Mode — Calls the interrupt 
routine that asserts the recovery mode line on removable cartridge 
drives. This routine is used locally by the hard disk interrupt handler 
when an error is detected during a read operation. This function 
is valid for removable cartridge hard drives only. 


Function Code 1CH: Deassert Recovery Mode — Calls the inter- 
rupt routine that deasserts the recovery mode line on removable 
cartridge drives. This routine is used locally by the hard disk interrupt 
handler when an error is detected during a read operation. This 
function is valid for removable cartridge hard drives only. 


Booting an Operating System (INT 19H) 


INT 19H attempts to read from track 0, sector 1 of floppy drive 
0. The code located at this position is loaded into memory and exe- 
cuted. If the operation is unsuccessful, the routine then attempts 
to boot hard drive 0. If the boot routine fails again, an error message 
will appear and control passes to the Monitor program. 
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Floppy Disk Parameters (INT 1EH) 


INT 1EH contains an address pointer. The pointer allows access 
to an area in ROM that contains the disk parameter tables for the 
supported floppy disk drive and media combinations. When you turn 
the computer on, the pointer is loaded with the starting address 
for the appropriate disk parameter table. Table 10-13 describes the 
structure of the tables. 


Table 10-13. ROM Disk Parameters Table 
a 


BYTE FUNCTION DESCRIPTION 
—eeeeeeeeeeSSSSSSSSSSSSSSSSSSSSSSSSSSMMMMMFFee 
01 RSpecify 4 Bits 0-3 contain the head unload time 


(the range is 16-240 milliseconds in 
16-millisecond increments). Bits 4-7 
contain the head step rate for the drive 
(the range is 1-16 milliseconds in 1-mil- 
lisecond increments, in reverse order 
— FH = 1 millisecond, EH = 2 mil- 
liseconds, and so on). Typically, this 
byte will contain OFH. 


02 RSpecify 2 Bits 1-7 contain the head load time (the 
range is 2-254 milliseconds in 2-mil- 
lisecond increments). Bit 0 contains the 
DMA flag. If bit 0 is clear (0), the DMA 
mode in use. This byte will contain 02H. 


03 RMotor delay This is the amount of time the motor 
will remain on after the last disk opera- 
tion, measured in timer ticks. The timer 
tick rate is 18.2 timer ticks per second, 
or one every 55 ms. A value of 25H 
is used for all supported media and 
drive combinations. 


04 RByltes per sector This contains a hex code that sets the 
number of data bytes per sector. A 
value of 02H, indicating 512 bytes per 
sector, is used for all supported drive 
and media combinations. 


Table 10-13 (continued). 


BYTE 


05 


06 


07 


08 


09 


FUNCTION 


RSectors per track 


RGap length 


RData length 


Reformat gap length 


Reformat data 
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ROM Disk Parameters Table 


DESCRIPTION 


This contains the number of the last ad- 
dressable sector on the track. 09H indi- 
cates a double-density disk. OFH indi- 
cates a high-density disk. 


This contains the hex code that estab- 
lishes the length of gap 3 for read, 
write, and verify operations. Refer to 
Table 10-14. The information contained 
in this byte overrides any user pro- 
grammed gap !ength during INT 13H 
and INT 40H operations. 


This byte allows partial sectors. If the 
bytes per sector code equals OOH, then 
any number between 00H and FFH 
may be entered, allowing a sector 
length from 1 byte to 255 bytes. Enter 
FFH if the bytes per sector code (byte 
4) is a number other than 00H. 


This byte contains a hex code that sets 
the length of gap 3 for format opera- 
tions. This code is overridden by the 
format gap length contained in any 
user-programmed disk parameter ta- 
bles. See Table 10-14. 


This byte contains the bit pattern used 
by the format command to fill and test 
the sector. Typically, the bit pattern 
11100101 (E5H) is used. 
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Table 10-13 (continued). ROM Disk Parameters Table 


BYTE FUNCTION 


0A RHead settle 

0B RMotor start 

oc RCylinders per disk 
ODH RData transfer rate 
NOTES 


DESCRIPTION 


This contains the head settle time, 
measured in 1-millisecond increments. 
A value of OFH is used for all supported 
drive and media combinations." 


This contains the motor start time, mea- 
sured in 125-millisecond increments. A 
value of 08H is used for all supported 
drive and media combinations.” 


This byte contains the number of the 
last addressable track on the disk. 4FH 
indicates a high-density (80 track) disk. 
27H indicates a double-density (40 
track) disk. 


This byte contains a hex code that indi- 
cates the data transfer rate. 00H indi- 
cates a transfer rate of 500kbps, 40H 
indicates 300kbps, and 80H indicates 
250kbps. 


1. A minimum head settle time of 15 mS for high-density drives and 20 
ms for double-density drives is enforced for write operations. 


2. Aminimum motor start time of 1 second is enforced for write and format 
operations. A minimum motor start time of 625 ms is enforced for read 


or verify operations. 
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The Advanced Desktop computer supports the following six media/ 
drive combinations with ROM disk parameter tables: 


360K media in a 360K drive (360/360) 
360K media in a 1.2M drive (360/1.2) 
1.2M media in a 1.2M drive (1.2/1.2) 
720K media in a 720K drive (720/720) 
720K media.in a 1.44M drive (720/1.44) 
1.44M media in a 1.44M drive (1.44/1.44) 


eeoeeee 


Table 10-14 lists the bytes per sector, gap length, and format gap 
length parameters used for each combination. 


Table 10-14. Drive Parameters — INT 1EH 


MEDIA/ BYTESPER BYTESPER SECTORS GAP FORMAT 
DRIVE SECTOR SECTOR PER LENGTH GAP 
(DECIMAL) CODE TRACK LENGTH 
360/360 512 02H 09H 2AH 50H 
360/1.2 512 02H 09H 2AH 50H 
1.2/1.2 $12 02H OFH 1BH 54H 
720/720 +512 02H 09H 2AH 50H 
720/1.44 512 02H 09H 2AH 50H 
720/1.44 512 02H 09H 2AH 50H 
1.44/1.44 512 02H 12H 1BH 6CH 


Page 10-22 
Disk Drive Interrupts 


User-programmed disk parameter tables may be created for this 
computer. These tables must be created if you intend your software 
to be used on older PC-compatible systems. Many older systems 
do not have built-in ROM disk parameters and rely entirely on user- 
programmed disk parameter tables. Tables 10-15 and 10-16 contain 
the information for building your own drive parameters table. In sys- 
tems like this computer, the ROM disk parameter table overrides 
some of the information contained in user-programmed disk parame- 
ter tables as noted in the tables. Also, the user-programmed disk 
parameter table does not permit a variable last addressable track 
parameter or a variable data transfer rate. Use the appropriate ROM 
disk table where these parameters are required. 


Table 10-15. Floppy Disk Parameter Table 
BYTE FUNCTION DESCRIPTION 


01 Specify 1 Bits 0-3 contain the head unload time 
(the range is 16-240 milliseconds in 
16-millisecond increments). Bits 4-7 
contain the head step rate for the drive 
(the range is 1-16 milliseconds in 1-mil- 
lisecond increments, in reverse order 
— OFH = 1 millisecond, OEH = 2 mil- 
liseconds, and so on). 


02 Specify 2 Bits 1-7 contain the head load time (the 
range is 2-254 milliseconds in 2-mil- 
lisecond increments). Bit 0 contains the 
DMA flag. If bit 0 is clear (0), the DMA 
mode is enabled. 


03 Motor delay This is the amount of time the motor 
will remain on after the last disk opera- 
tion, measured in timer ticks. The timer 
tick rate is 18.2 timer ticks per second, 
or one every 55 ms. 


04 Bytes per sector This contains the number of data bytes 
per sector. Refer to Table 10-13. 

05 Sectors per track This contains the number of sectors per 
track. 
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Table 10-15 (continued). Floppy Disk Parameter Table 


BYTE FUNCTION DESCRIPTION 


06 


0B 


Gap length This contains the gap length of gap 3 
for read and write operations. Refer to 
Table 10-14. This information is over- 
ridden by the gap length specified in 
the most similar ROM disk parameters 
table during INT 13H and INT 40H op- 
erations. 


Data length If the bytes per sector parameter 
equals OOH, this byte specifies bytes 
per sector. Any value between OOH and 
FFH may be entered. This allows par- 
tial sector read, write, and verify opera- 
tions. If the bytes per sector parameter 
(byte 04) is not OOH, enter FFH. 


Formats gap length This contains the gap length of gap 3 
for format operations. Refer to Table 
10-13. “Reformat gap length” does not 
override this parameter. 


Format data This byte contains the bit pattern used 
by the format command to fill and test 
the sector. Typically, the bit pattern 
11100101 (E5H) is used. 


Head settle time This contains the head settle time, 
measured in 1-millisecond increments." 


Motor start time This contains the motor start time, mea- 
sured in 125-millisecond increments.” 


NOTES 


1. 


A minimum head settle time of 15 ms for high density drives and 20 
ms for double-density drives is enforced for write operations. 


A minimum motor start time of 1 second is enforced for write and format 
operations. A minimum motor start time of 625 ms is enforced for read 
or verify operations. 
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Hard Disk Parameters 
(INT 41H, INT 46H, and INT 4BH) 


These interrupts contain address pointers to memory blocks that 
contain the hard disk drive parameter tables. INT 41H contains the 
vector for hard drive 0, INT 46H for hard drive 1, and INT 4BH 
for hard drive 2. Table 10-16 describes the hard disk parameter 
table structure. 


Table 10-16. Hard Disk Parameter Table 


ENTRY FUNCTION DESCRIPTION 


01 Max cylinders This 16-bit data word contains the last 
addressable cylinder number. 


02 Max heads This 8-bit data byte contains the last 
addressable head number. 

03 Not used Fill this 16-bit data word with OOOOH. 

04 Precomp This 16-bit data word contains the 


number of the first precompensated cy- 
linder. OOOOH indicates that precom- 
pensation begins on the first cylinder. 
FFFFH indicates that no precompensa- 
tion is required. 


05 ECC length This 8-bit data word contains the 
maximum number of error bytes that 
can be corrected with ECC. 


06 Options 200 Enter 08H if the drive has more than 
eight addressable heads. 

07-09 Not used Fill these 8-bit data bytes with OOH. 

0A Landing zone This 16-bit data word contains the 


number of the cylinder to be used as 
a head landing zone. 
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Table 10-16 (continued). Hard Disk Parameter Table 


ENTRY FUNCTION DESCRIPTION 


0B Sectors per track This 8-bit data byte contains the 
number of the last addressabie sector 
on the track. This computer accepts 
only 17 sectors per track formats for 
hard disks. Enter 11H. 


oc Reserve 200 This 8-bit data byte contains a hex code 
that indicates whether the drive is a re- 
movable cartridge type, servo-stepper 
type, or removable cartridge and servo- 
stepper type. Enter 01H for cartridge 
types, 02H for servo-stepper types, and 
03 for drives that are removable car- 
tridge and servo-stepper types. 


Chapter 11 
Video Interrupts 


This chapter describes the video interrupts and how these interrupts 
are used in programming the video system in your computer. By 
using a Z-449 31 kHz video card, this computer is capable of operat- 
ing in color graphics mode (CGA), enhanced graphics mode (EGA), 
Hercules mode, and monochrome video mode (MDA). Operating 
characteristics and functional abilities are different for each of these 
video modes. 


Programming the Video Interrupts 


Table 11-1 lists the video interrupts discussed in this chapter. Refer 
to Chapter 6 for information on programming with the system inter- 
rupts and to Chapter 17 for detailed information on the registers 
of the video controller and their use. 


Table 11-1. Video Interrupts 


INTERRUPT FUNCTION 


10H Video input/output 
1DH Video initialization 
1FH Defining characters 


Video Input/Output (INT 10H) 


INT 10H provides communications with the video logic section of 
the computer. To use this interrupt, place one of the function codes 
described in Table 11-2 in register AH. The following pages contain 
descriptions of each of the function codes. 
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Table 11-2. Video Input/Output Function Codes 


CODE FUNCTION 

00H Set video mode 

01H Set cursor type 

02H Set cursor position 

03H Read cursor position 

04H Read light pen position (not used) 
OSH Select active display page 
06H Scroll an area of screen up 
07H Scroll an area of screen down 
08H Read cursor position 

09H Send character/attribute to screen 
OAH Send character to screen 
OBH Set graphics foreground color 
OCH Write graphics pixel 

ODH Read graphics pixel 

OEH Dumb terminal display 

OFH Return video state 

10H Set palette registers 

11H Character generator routine 
12H Alternate select 

13H Write string 

64H Set scrolling mode 


C—O 


Function Code 00H: Set Video Mode — Causes the interrupt to 
set the video mode according to the value placed in register AL 
and described in Table 11-3. 


Table 11-3. Video Modes 


MODE DESCRIPTION 

00H 40 characters by 25 rows, monochrome text display at the 
RGB output. 

01H 40 characters by 25 rows, color text display at the RGB out- 
put. 

02H 80 characters by 25 rows, monochrome display at the RGB 


output. Individual video pages may be scrolled without affect- 
ing other video pages. 

03H 80 characters by 25 rows, color text display at the RGB out- 
put. Individual text pages may be scrolled. 
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Table 11-3 (continued). Video Modes 


MODE DESCRIPTION 

04H 320 x 200 pixel resolution, color graphics display at the 
RGB output. Text displays appear as 40 characters by 25 
rows. 

05H 320 x 200 pixel resolution, monochrome graphics display 
at the RGB output. Text displays appear as 40 characters 
by 25 rows. 

06H 640 x 200 pixel resolution, monochrome graphics display 


at the RGB output. All three scrolling modes are available. 
Text displays appear as 80 characters by 25 rows. 


07H 80 characters by 25 rows, monochrome text display with 
amonochrome display adapter card. 

ODH 320 x 200 pixel resolution, color graphics at the RGB output. 
Text displays appear as 40 characters by 25 rows. 

OEH 640 x 200 pixel resolution, color graphics at the RGB output. 
Text displays appear as 80 characters by 25 rows. 

OFH 640 x 350 pixel resoltuion, graphics display using a high-re- 
solution monochrome monitor. 

10H 640 x 350 pixel resolution, color graphics display using a 
high-resolution color monitor. 

12H 640 x 480 pixel resolution, color graphics display using a 
31 kHz analog color monitor. 16 colors available from a 
palette of 256,000. 


NOTE: The 31 kHz video card supplied with this computer supports a wide 
range of video modes. These modes supersede the video modes described 
above. Refer to the “EGA Video Considerations” section later in this chapter 
for modes available with this card. 


Function Code 01H: Set Cursor Type — Causes the interrupt 
to set the cursor size. Load bits 0 — 4 of the CH register with the 
starting scan line number of the cursor and bits 0 — 4 of the CL 
register with the ending scan line number. For a full block cursor, 
the starting scan line bits must equal 0 and the ending scan line 
bits must equal 7. While it is possible to load any value between 
0 and 31, use only values 0 — 7 for the starting and ending scan 
line. 


NOTE: The starting scan value may not be greater than the ending 
scan value, or no cursor will appear. 
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Function Code 02H: Set Cursor Position — Causes the interrupt 
to place the cursor at the specified row and column location on 
the screen. Load register DH with the cursor row number and regis- 
ter DL with the column number. The row numbers extend from 0 
to 24. The column numbers extend from 0 to 79 (80 characters 
per line) or 39 (40 characters per line). Therefore, when you load 
a value of 0 in the DH and DL registers, the cursor appears in 
the upper left-hand corner of the screen. Load register BH with the 
video page number; this must be consistent with the video mode 
selected (only page 0 is valid when you are in the graphics mode). 


Function Code 03H: Read Cursor Position — Causes the inter- 
rupt to return the current cursor information. The row number will 
be in register DH, the column number will be in register DL. The 
cursor’s starting scan line number will be in register CH, and the 
cursor’s ending scan line number will be in register CL. Before 
executing the interrupt, register BH must contain the page number. 


Function Code 04H: Read Light Pen Position — A light pen option 
is not currently supported with this computer, even though this is 
a valid function code for PC-compatible computers. 


The function code causes the interrupt to attempt to obtain the light 
pen’s position. After the interrupt has been executed, register AH 
will contain the light pen trigger/switch status (O or 1). A value of 
1 in the AH register indicates an active switch closure (the light 
pen is on). If the register contains a O instead, the switch is not 
activated (the light pen is off). If the AH register contains a 1, then 
a number of other registers contain related position information. The 
DH register will contain the row number, register DL will contain 
the column number. The CH register will contain the scan line row 
number (0 — 199), and register BX will contain the pixel column 
number. The pixel column number can vary between 0 — 319 or 
0 —639, depending upon the graphics mode. 


Function Code 05H: Select Active Display Page — Causes the 
interrupt to display the page specified in register AL. In the text 
modes, unused portions of video memory can serve as additional 
video pages. In video modes 0 and 1, the valid page numbers are 
0 to 7; in video modes 2 and 3, they are O — 3. In the graphics 
modes, only page 0 is valid. 
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Function Code O6H: Scroll an Area of the Screen Up — Causes 
the interrupt to scroll the specified area of the screen up a specified 
number of lines. Prior to executing this interrupt, you must load cer- 
tain registers with specific data. The CX register must contain the. 
upper left-hand coordinates (place the row number in register CH 
and the column number in register CL) of the scroll area. The DX 
register must contain the lower right-hand coordinates (place the 
row number in register DH and the column number in register DL) 
of the same area. The BH register must contain the attribute byte 
for the blank lines, and the AL register contains the number of tines 
to scroll. If the AL register contains a 0, the entire window will be 
cleared. 


NOTE: If a hardware or software smooth scrolling mode is active 
when this interrupt executes, it will function only if the entire screen 
is scrolled. Hardware and software scrolling operations affect the 
entire screen and not just a portion of the screen. 


Function Code 07H: Scroll an Area of the Screen Down — 
Causes the interrupt to scroll the specified area of the screen down 
the specified number of lines. Before executing this interrupt, you 
must load the following register information. The CX register must 
contain the upper left-hand coordinates (place the row number in 
register CH and the column number in register CL) of the scroll 
area. The DX register must contain the lower right-hand coordinates 
(place the row number in register DH and the column number in 
register DL) for the same area. The BH register must contain the 
attribute byte for the blank lines, and the AL register must contain 
the number of lines to scroll. If the AL register contains a 0, the 
entire window will be cleared. 


Function Code 08H: Read Cursor Position Contents — Causes 
the interrupt to return the character and attribute codes for the char- 
acter that resides at the current cursor position. In text modes, regis- 
ter BH must contain the video page number. Upon completion of 
the routine, the character code will be in register AL and the attribute 
code will be in register AH. 


Function Code 09H: Send Character and Attribute to Screen 
— Causes the interrupt to write the specified character and attribute 
codes to the cursor location. Place the character code in register 
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AL, and the attribute code in the BL register. The CX register con- 
tains the number of times the character is to repeat and, in text 
modes, the page number is in the BX register. 


Function Code OAH: Send Character to Screen — Causes the 
interrupt to write the specified character to the screen, but not the 
attribute byte. Place the character code in register AL, the number 
of times to repeat the character in register CX and, in text modes, 
the page number in register BH. 


Function Code OBH: Set Graphics Foreground Color — This 
function code is only available in mode 4, the 320 x 200 graphics 
mode. Place a value from 0 to 127 in register BH (see the following 
text) and a value from 0 to 4 in register BL. 


If the value placed in register BH is even, the current background 
color will become the foreground color (normally, 0 — 31). Values 
above 15 will select the intensified level of the 16 colors. 


If the value placed in register BH is odd, the value in the BL register 
will determine which one of two available palettes is chosen. The 
palette and pixel color number will determine the foreground color. 
A value of 0 will select palette 0 and a value of 1 will select palette 
1. Refer to Table 11-4 for the palette number and color number 
matrix, 


Table 11-4. Palette and Pixel Colors 


COLOR PALETTE PALETTE 
NUMBER 0 1 

1 Green Cyan 

2 Red Magenta 
3 Yellow White 


Function Code OCH: Write Graphics Pixel — Causes the interrupt 
to light a single pixel at the specified location on the screen. Place 
the pixel row number in register DX, the pixel column number in 
register CX, and the color in the AL register. Row numbering extends 
from 0 — 199 and column numbering from 0 — 319 or 0 — 639. 
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Color values range from 0 — 3 in medium-resolution (320 x 200) 
mode or 0 — 1 in high-resolution (640 x 200). In all cases, 0 is 
the background color (usually black). In the high-resolution mode, 
1 is the foreground color. In the medium-resolution mode, the palette 
and the color number determine the color, as described in Table 
11-4. 


If the most-significant bit (bit 7) of AL is set, the color is XORed 
with the current color, permitting simple animation. For more infor- 
mation on animation techniques, see the discussion on graphics 
in the GW-BASIC manual. 


Function Code 0DH: Read Graphics Pixel — Returns the color 
of the pixel at the specified location. Place the pixel row number 
in register DX, and the pixel column number in register CX. The 
returned color value will appear in the AL register. 


Function Code OEH: Dumb Terminal Display — Causes the inter- 
rupt to treat the character as if it were sent to a dumb terminal. 
The routine will treat the back space (08H), carriage return (ODH), 
line feed (OAH), and bell (07H) as console commands rather than 
screen formatting characters. If a character should print at the end 
of a screen line, the cursor will position at the start of the next 
line. If you perform a line feed on the last display line of the screen 
or if a character prints at the last position of the last line, the screen 
will scroll up one line. When scrolling, the attribute for the new row 
(when in text mode) will be the same as the attribute of the character 
at the cursor position on the line when the scrolling takes place. 


Place the character in register AL, the foreground color in register 
BL (for graphics modes), and the display page number in register 


Function Code OFH: Return Video State — Returns the current 
video state. Register AL will contain the current video mode (refer 
to Function Code 00H). The AH register will contain the screen width 
in columns, and register BH will contain the active video page 
number. 
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Function Code 10H: Set Palette Registers — Causes the interrupt 
to set the palette registers. This function may be used to set indi- 
vidual palette registers, set the overscan register, set all palette reg- 
isters and overscan, or set the intensify/blinking bit as follows: 


To set individual palette registers, set register AL to OOH, regis- 
ter BH to the desired palette register, and register BL to the 
required value. 


To set the overscan register, set register AL to 01H and register 
BH to the desired value. 


To set all palette registers and overscan, address ES:DX con- 
tains a 17-byte table where bytes 0-15 are the palette values 
and byte 16 is the overscan value. 


To set the intensify/blinking bit, set register AL to O3H and regis- 
ter BL to OOH to enable intensify or 01H to enable blinking. 


Function Code 11H: Character Generator Routine — Causes the 
interrupt to reset the video environment and enter a character 
generator routine. The functions of this routine are determined by 
the value you set in register AL as follows: 


NOTE: The following functions will not clear the video buffer. 


Set register AL to OOH to load user-specified files. ES:BP is 
the address of the user table. Set register CX to the number 
of patterns to store, DX for the character offset into the table, 
BL for the block to load, and BH to the number of bytes for 
each character pattern. 


Set register AL to 01H to load ROM monochrome patterns (8 
x 14). Set register BL for the block to load. 


Set register AL to 02H to load ROM double-dot patterns (8 x 
8). Set register BL for the block to load. 
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Set register AL to 03H to set the block specifier. To set register 
BL for the character generator block specifier, set bits 3 and 
2 to the block for attribute bit 3 = 1 and bits 1 and 0 to the 
block for attribute bit 3 = 0. Call INT 10H with AX = 1000H 
and BX = 0712H to set the color plane enable register to ignore 
bit 3 in addressing color palette registers. 


The following functions (AL = 1xH) should be used only after a 
mode set. They are similar to AL = OxH with the following excep- 


tions: 
e@ Page 0 must be active. 
e@ Bytes per character is recalculated. 
@ Maximum character rows is recalculated. 
e CRT buffer length is recalculated. 
@ CRTC registers are reprogrammed. 


Set register AL to 10H to load user-specified files. ES:BP is 
the address of the user table. Set register CX to the number 
of patterns to store, DX for the character offset into the table, 
BL for the block to load, and BH to the number of bytes for 
each character pattern. 


Set register AL to 11H to load ROM monochrome patterns (8 
x 14). Set register BL for the block to load. 


Set register AL to 12H to load ROM double-dot patterns (8 x 
8). Set register BL for the block to load. 


The following functions (AL = 2xH) should be called only im- 
mediately after a mode set. 


Set register AL to 20H for user 8 x 8 graphics characters (INT 
1FH). ES:BP is the address of the user table. 


Set register AL to 21H for user graphics characters. ES:BP is 
the address of the user table. Set register CX for the bytes 
per character and register BL to the desired number of rows. 
Refer to Table 11-5 for row specifier valus. 


Set register AL to 22H for the ROM 8 x 14 set. Set register 
BL to the desired number of rows. Refer to Table 11-5 for row 
specifier values. 
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@ Set register AL to 23H for ROM 8 x 8 double dot. Set register 
BL to the desired number of rows. Refer to Table 11-5 for row 
specifier values. 


Table 11-5. Row Specifier Options 


REGISTER NUMBER OF 


BL ROWS 

OOH User set (DL = number of rows) 
01H 14 

02H 25 

03H 43 


@ Set register AL to 30H to return information. Register BH must 
be set to select the information you want returned. Refer to 
Table 11-6 for available register values and what information 
they will select. 


Table 11-6. Register Values to Return Information for 
Function 11H 


REGISTER INFORMATION 

BH RETURNED 

00H INT 1F pointer 

01H INT 44 pointer 

02H ROM 8 x 14 character pointer 

03H ROM 8 x 8 double dot pointer 

04H ROM 8 x 8 double dot (top half) pointer 
05H ROM alternate (9 x 14) pointer 


NOTE: When exiting the return information routine (AL = 30H), 
ES:BP is the specified pointer value, CX is the bytes per character, 
and DL is the character rows on screen. 


Function Code 12H: Alternate Select — Causes the interrupt to 
return current EGA information or select a routine to set an alternate 
print screen. Setting register BL to 10H returns current EGA informa- 
tion. Refer to Table 11-7 for interpretation of EGA data. Setting regis- 
ter BL to 20H selects a routine to set up an alternate print screen. 
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Table 11-7. EGA Information Returned by Function Code 12H 


REGISTER VALUE EXPLANATION 
BH 00H Currently in color mode. 
01H Currently in monochrome mode (MDA). 
BL 00H 64K video memory 
01H 128K video memory 
02H 192K video memory 
03H 256K video memory 
CH Feature bits 
CL Switch setting 


Function Code 13H: Write String — Causes the interrupt to write 
a specified string where ES:BP contains the address of the string 
to be written. Set register CX for the character count, register DX 
for the position to begin the string (in cursor terms), and register 
BH for the page number. Refer to Table 11-8 for further register, 
string, and cursor information. 


Table 11-8. Register, String, and Cursor Data for 


Function Code 13H 
REGISTER REGISTER STRING CURSOR 
AL BL ACTION 
00H Attribute “Char ... Char” No movement 
01H Attribute “Char ... Char” Moves 
02H Not used “Char,Attr...Char,Attr” No movement 
03H Not used “Char, Attr...Char,Attr” Moves 


NOTE: Carriage return, line feed, back space, and bell are interpre- 
ted as commands, not as printable characters. 
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Function Code 64H: Set Scrolling Mode — Causes the interrupt 
to select one of three scrolling modes. Place the scrolling mode 
value in register AL: mode 0 is software scrolling, mode 1 is hard- 
ware jump scrolling, and mode 2 is hardware smooth scrolling. Keep 
in mind the following limitations: 


@ Hardware scrolling will not work in the 40 x 25 text modes 
(0 and 1). 


@ Hardware smooth scrolling works only in the high-resolution 
graphics mode (6). 


@ Hardware jump scrolling works only in the graphics modes (4, 
5, and 6) and 80 x 25 text mode (3). 


@ Software scrolling will work in all modes. If you write software 
that bypasses the Monitor program, use software scrolling. 


Video Initialization (INT 1DH) 


INT 1DH, unless otherwise programmed by an application program, 
initializes the video section parameters according to the information 
stored in the Monitor program ROM. This is the same data used 
to initialize the video section of the computer when you turn the 
system on. Table 11-9 defines the values for each register in the 
6845 register set. The table shows the relation between each regis- 
ter and the various display modes. 


Table 11-9. Video Initialization Default Values 


REGISTER TEXT TEXT MONOCHROME 
NUMBER 40x25 80x25 GRAPHICS TEXT(TTL) 
RO 38 71 38 61 

R1 28 50 28 50 

R2 2D 5A 2D 52 

R3 0A 0A OA OF 

R4 1F 1F 7F 19 

RS 06 06 06 06 

R6 19 19 64 19 

R7 1c 1c 70 19 

R8 02 02 02 02 
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a 


Table 11-9 (continued). Video Initialization Default Values 


eee 


REGISTER TEXT TEXT MONOCHROME 
NUMBER 40x25 80x25 GRAPHICS TEXT (TTL) 
a 
RQ 07 07 01 0D 

R10 06 06 06 0B 

Ri 07 07 07 oc 

R12 00 00 00 XX 

R13 00 00 00 XX 

R14 XX XX XX XX 

R15 XX XX XX Xx 

Rié6 XX XX XX XX 

R17 XX XX XX xX 


NOTE: All values are expressed in hexadecimal; “xx” represents any value 
between OOH and FFH. 


Defining Characters (INT 1FH) 


INT 1FH allows access to an extended character set for use with 
the medium- and high-resolution color graphics modes. Normally, 
the character generator ROM supplies the first 128 characters (00H 
— 7FH) used in the graphics modes. In addition to these characters, 
you can create a custom character set of 128 additional characters 
(80H — FFH) using the following procedure: 


1. Allocate a 1K section of memory (not video memory) to hold 
the character set. You will need eight bytes for each character 
you create. 


2. Define each character in an 8 x 8 matrix as shown by the 
7 in Figure 11-1. Since the top line in the matrix butts up against 
the bottom line of the character above it, you will need to allow 
for ascenders and descenders. Do not forget to allow space 
between characters. 


3. For each line of the matrix, identify which of the eight pixels 
will be on. 


4. With the first pixel as the most-significant bit, add the binary 
weights of the lit pixels in each row to produce a decimal value 
for the byte representing that row. 
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5. Load all eight bytes that form the defined character into the 
first eight bytes of the memory allocated for the character set. 


6. Repeat this procedure for each of the 128 characters in the 
set. 


7. Once the characters are defined and placed in memory, set 
the pointer at interrupt 1-H (memory location 0000:007C) to 
the start of memory allocated for the defined character set. 


8. Execute the INT 1FH instruction. Then, whenever a character 
code between 80H and FFH is required for printing, the charac- 
ter from your set will be used. 


BINARY, VALUE 
OW A ~ RESULTING 
80H 40H 20H 10H O8H 04H 02H O1H VALUE 
lara lar ala] 


| | 2 a 3EH 


R 


eo |_| 
BReRS 


OOH 


Figure 11-1. Character Design Matrix 


EGA Video Considerations 


The EGA mode supports a wide range of video modes, including 
a number of modes also supported by the Z-100 PC standard CGA 
color video mode. Video modes 0, 1, 2, and 3 offer expanded 
capabilities in the EGA mode over the standard CGA system. The 
discussion in this section is divided into three areas: monochrome 
video modes, normal color video modes, and enhanced color video 


modes. Each of these apply to operation of the video system in 
the EGA mode. 
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Monochrome Video Modes 


Table 11-10 describes the attributes of the two possible modes that 
may be used to generate a monochrome display. 


Table 11-10. Monochrome Video Modes 


VIDEO 
MODE 
NUMBER DESCRIPTION 


x4 A monochrome alphanumeric text mode of 80, 9 x 14-pixel 
characters per line on 25 lines in a screen that has an overall 
resolution of 720 x 350 pixels. Each character may be dis- 
played in one of four attribute modes. The memory is or- 
ganized into eight pages and has a base address at BOOOOH. 


F A monochrome, bit-mapped mode that generates 80, 8 x 
14-pixel characters per line on 25 lines in a screen that has 
an overall resolution of 640 x 350 pixels. Each character 
may be displayed in one of four attribute modes. The mem- 
ory is organized into two pages and has a base address 
at AOOOOH. This video mode is unique to the EGA card and 
will not create a display if a Z-100 PC color video card is 
installed and actively controlling the video output. 


Normal Color Video Modes 


Table 11-11 describes the attributes of the nine possible normal 
color modes supported by the EGA card. 


Table 11-11. Normal Color Video Modes 

ee 

VIDEO 

MODE 

NUMBER DESCRIPTION 

Rea ee a a 

0 A 16-color alphanumeric mode that generates 40, 8 x 8- 
pixel characters per line on 25 lines in a screen that has 
an overall resolution of 320 x 200 pixels. 


3 A 16-color alphanumeric mode that generates 40, 8 x 8- 
pixel characters on 25 lines in a screen that has an overall 
resolution of 320 x 200 pixels. 
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Table 11-11 (continued). Normal Color Video Modes 


VIDEO 
MODE 
NUMBER 


DESCRIPTION 


2 


A 16-color alphanumeric mode that generates 80, 8 x 8- 
pixel characters per line on 25 lines in a screen that has 
an overall resolution of 640 x 200 pixels. 


A 16-color alphanumeric mode that generates 80, 8 x 8- 
pixel characters per line on 25 lines in a screen that has 
an overall resolution of 640 x 200 pixels. 


A 4-color, bit-mapped mode that generates 40, 8 x 8-pixel 
characters per line on 25 lines in a screen that has an overall 
resolution of 320 x 200 pixels. 


A 4-color, bit-mapped mode that generates 40, 8 x 8-pixel 
characters per line on 25 lines in a screen that has an overall 
resolution of 320 x 200 pixels. 


A 2-color, bit-mapped mode that generates 80, 8 x 8-pixel 
characters per line on 25 lines in a screen that has an overall 
resolution of 640 x 200 pixels. 


A 16-color, bit-mapped mode that generates 40, 8 x 8-pixel 
characters per line on 25 lines in a screen that has an overall 
resolution of 320 x 200 pixels. The memory is organized 
into eight pages with a base address of AOOOOH. This mode 
is unique to the EGA card and will not create a display if 
a Z-100 PC color video card is installed and actively control- 
ling the video output. 


A 16-color, bit-mapped mode that generates 80, 8 x 8-pixel 
characters per line on 25 lines in a screen that has an overall 
resolution of 640 x 200 pixels. The memory is organized 
into four pages with a base address of AQOOOH. This mode 
is unique to the EGA card and will not create a display if 
a Z-100 PC color video card is installed and actively control- 
ling the video output. 


NOTE: In video modes 0, 1, 2, and 3 the memory is organized into eight 
pages with a base address of B8000H. In video modes 4, 5, and 6 the 
memory is organized into one page with a base address of B8000H. Unless 
specified, all modes are compatible with the display produced by a Z-100 
PC color video card. 
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Enhanced Color Video Modes 


Table 11-12 describes the attributes of the five possible enhanced 
color video modes supported by the EGA card. 


Table 11-12. Enhanced Color Video Modes 


NUMBER DESCRIPTION 


0 A 16-color, alphanumeric mode that generates 40, 8 x 14- 
pixel characters per line on 25 lines in a screen that has 
an overall resolution of 320 x 350 pixels. 


1 A 16-color, alphanumeric mode that generates 40, 8 x 14- 
pixel characters per line on 25 lines in a screen that has 
an overall resolution of 320 x 350 pixels. 


2 A 16-color, alphanumeric mode that generates 80, 8 x 14- 
pixel characters per line on 25 lines in a screen that has 
an overall resolution of 640 x by 350 pixels. 


3 A 16-color, alphanumeric mode that generates 80, 8 x 14- 
pixel characters per line on 25 lines in a screen that has 
an overall resolution of 640 x 350 pixels. 


10 A 16-color, bit-mapped mode that generates 80, 8 x 14-pixel 
characters per line on 25 lines in a screen that has an overall 
resolution of 640 x 350 pixels. The memory is organized 
into two pages with a base address of AOOOOH. The 16 colors 
can be selected from a palette of 64 colors. 


NOTE: In video modes 0, 1, 2, and 3 the memory is organized into eight 
pages with a base address of B8000H. The 16 colors can be selected 
from a palette of 64 colors. 


Basic Modes of Operation 


The 256K of video memory is divided into four separately address- 
able, but parallel, 64K memory planes. Depending upon the video 
mode selected, this memory may be combined in different ways. 
The following discussions describe the basic modes of operation 
and how they work with the video memory. 
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Text (Alphanumeric) Modes 


In the text modes a two-byte character/attribute format is used to 
define each character display position on the screen. These two 
bytes are mapped into assigned locations in video memory with 
the character byte in memory plane 0 and the attribute byte in mem- 
ory plane 1. 


Normally, bit 3 of the attribute byte is used by the video cards to 
determine the intensity characteristic of the character being dis- 
played. However, the expanded video card allows bit 3 to be re- 
defined by the character map select register and used as a switch 
between character sets. This gives the programmer access to both 
character sets, for a total 512 characters, instead of just one charac- 
ter set. To accommodate the additional 256 characters, the patterns 
of both character generators are transferred into memory plane 2 
of the video memory. In addition, with 256K of video memory on 
this card, it is possible to support two additional user-defined, 256- 
member character sets for a total of 1024 different characters. The 
patterns of these additional character sets must also be loaded into 
memory plane 2 of the video memory. 


To display a screen of data, the CRT controller generates a series 
of sequential addresses, which represents the sequential locations 
of characters on the screen. These addresses correspond to video 
memory addresses where memory planes 0 and 1 are accessed. 
The byte in memory plane 0, combined with the scan row count, 
determines the address of the bit pattern stored in memory plane 
2. If bit 3 of the attribute byte has been selected to act as a switch 
between character sets, the video memory address is modified ac- 
cordingly. The bit pattern found in memory plane 2 is then assigned 
the attributes found in the attribute byte and sent as a serial stream 
of data out the appropriate pins of the video connector. 


Monochrome and color attribute data is formatted differently. Table 
11-13 describes the attribute byte characteristics for monochrome 
modes. 
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Table 11-13. Monochrome Attribute Byte Characteristics 


BIT 

7 6 5 4 3 2 +1 + O- ATTRIBUTE DESCRIPTION 
B 0 oO oO 1 1 1 1 Normal video 

Bo1 1 1 1 0 0 0O_ Reverse video 

B 0 oO oO 1 0 O O- Nodisplay (black output) 

B 1 1 1 | 1 1 1 No display (white output) 


NOTE: Bit 7 defines whether the character blinks on and off. If bit 7 is 
a 1, the character will blink. If bit 7 is a 0, the character will not blink. 
Bit 3 defines either the intensity attribute or the character set. Character 
set definition is determined by the character map select register. If bit 3 
controls the intensity attribute, then a 1 will cause the character to be dis- 
played at high intensity and a 0 will cause the character to be displayed 
at normal intensity. 


Table 11-14 describes the attribute byte characteristics for color 
modes. The bit pattern for the foreground color and background 
color are identical. The foreground color attribute occupies bits 0 
—2.and background color attribute occupies bits 4-6. 


Table 11-14. Color Attribute Byte Characteristics 


BACKGROUND FOREGROUND 
BIT BIT 
6 5 4 2 1 0 NORMAL COLOR INTENSIFIED COLOR 


0 0 0 0 0 0 Black Dark gray 

0 0 1 0 0 1 Blue Light blue 

0 1 0 0 1 0 Green Light green 

0 1 1 0 1 1 Cyan Light cyan 

1 0 0 1 0 0 Red Light red (pink) 
1 0 1 1 0 1 Magenta Light magenta 

1 1 te) 1 1 0 Brown Yellow 

1 1 1 1 1 1 White Intensified white 


NOTE: Bit 7 defines whether the character blinks on and off. If bit 7 is 
a1, the character will blink. If bit 7 is a 0, the character will not blink. 
Bit 3 defines either the intensity attribute or the character set. Character 
set definition is determined by the character map select register. If bit 3 
controls the intensity attribute, then a 1 will cause the character to be dis- 
played at high intensity and a 0 will cause the character to be displayed 
at normal intensity. 
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Graphics Modes 


With the exception of video mode F (high-resolution monochrome) 
and video mode 10 (enhanced color graphics), addressing, map- 
ping, and data formatting are the same as those used with Z-100 
PC color video cards and PC-equivalent color/graphics adapters. 


In the Z-100 PC color video graphics modes, two degrees of resolu- 
tion are available: 320 x 200 and 640 x 200. 640 x 200 is obtain- 
able only as a monochrome, or two-color, display (one of 16 border 
colors may be used for the displayed pixels). In the 320 x 200 
modes, each displayed pixel may be one of four colors selected 
from two palettes and the border color. 


Medium-Resolution Color 


Pixel information for the 320 x 200 display is stored in two memory 
planes of 8000 bytes each, starting at address B8000H. The even- 
numbered (0, 2, 4, ... 198) scan row information is stored from 
B8000H to B9F3FH. The odd-numbered (1, 3, 5, ... 199) scan row 
information is stored from BAOOOH to BBF3FH. 


Each byte of video memory contains four two-bit pairs, which define 
the color displayed for that pixel. Note that there is no unlit pixel 
capability; if you want to unlight any given pixel, you will have to 
sacrifice one of the possible colors (the background color) to black. 


Table 11-15 defines the color selected for the defined pixel. Since 
only one palette can be active, Table 11-16 defines the colors in 
the two possible palettes for these video modes. 


Table 11-15. Color Selection 


MSB- LSB COLOR DEFINITION 


The pixel will display the current background color. 
The pixel will display color 1 of the current palette. 
The pixel will display color 2 of the current palette. 
The pixel will display color 3 of the current palette. 


—--00 
-oOo+-0 
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Table 11-16. Palette Colors 


COLOR NUMBER PALETTE 1 PALETTE 2 
1 Cyan Green 

e Magenta Red 

3 White Brown 


The 16 available border colors are the same that can be used to 
display text characters: black, blue, green, cyan, red, magenta, 
brown, white, dark gray, light blue, light green, light cyan, light red 
(pink), light magenta, yellow, and intensified white. 


High-Resolution Color 


The high-resolution color mode is actually considered a mono- 
chrome display mode. The entire memory complement in a Z-100 
PC color video card (16K) is needed to define the on or off states 
of a full screen of pixels. Each pixel location on the 640 x 200 
screen is represented by a location in video memory, starting at 
B8000H. Because each location can be set to only a 1 or a 0, 
each pixel may be the border color or not lit. The 16 border colors 
are: black, blue, green, cyan, red, magenta, brown, white, dark gray, 
light blue, light green, light cyan, light red (pink), light magenta, yel- 
low, and intensified white. 


Mode F 


Mode F is a high-resolution 640 x 350 mode that supports mono- 
chrome black and white pixel graphics with the following attributes: 
black, video, blinking video, and intensified video. Two memory 
planes, required to support the four attributes, are both addressed 
at AOOOOH by the CPU. The first memory plane is identified as the 
video memory plane and the second is identified as the intensity 
memory plane. Actually, a combination of pixel pairs between the 
two memory planes is required to define the attributes, as shown 
in Table 11-17. 
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Table 11-17. Mode F Attributes 


-—e 


ATTRIBUTE VIDEO MEMORY INTENSITY MEMORY 
PLANE PLANE 

a 

Black (not lit) 0 0 

Video (lit) 0 1 

Blinking video 1 0 

Intensified video 1 1 


OO 


NOTE: Some IBM-equivalent enhanced graphics adapters are sup- 
plied with only 64K of video memory. When this is the case, memory 
planes 0 and 1 and memory planes 2 and 3 are mapped together 
to form the two 32K memory planes needed to support this mode. 
Although the four memory planes all reside at an AOOOOH starting 
address, memory planes 0 and 2 are addressed as even memory 
planes and memory planes 1 and 3 are addressed as odd memory 
planes. When data is brought out of video memory for display, the 
first byte comes out of the even memory planes, the second out 
of the odd memory planes, the third out of the even, and so on. 


In this EGA card there is 256K of memory, so the memory planes 
are not mapped together as described in the preceding note. The 
first (memory plane 0) and third (memory plane 2) are used for 
mode F. The second (memory plane 1) and fourth (memory plane 
3) are ignored. 


Two bits, one from each plane, define each pixel on the screen. 
Since memory organization is sequential, the first eight pixels are 
contained in the first byte, starting at video memory address AOO0OH 
and with the most significant bit. The second byte is located at video 
memory address A0001H and so on. 


te | 
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Mode 10 


Mode 10 supports graphics in 16 colors, selected from 64 pos- 
sibilities. All four available memory planes in video memory are 
used. Each memory plane normally represents a color or intensity, 
as shown in Table 11-18. The base colors that can be produced 
without programming additional registers are described in Table 11- 
19. The other possible shades are obtained by programming the 
palette registers in the attribute controller. 


Table 11-18. Mode 10 Memory Plane Assignments 


MEMORY PLANE COLOR OR FUNCTION 


0 Blue 

1 Green 

2 Red 

3 Intensified 


Table 11-19. Mode 10 Base Colors 


BP3 BP2 BP1 BPO RESULTING COLOR 


0 0 0 0 Black 

0 0 0 1 Blue 

0 0 1 0 Green 

0 0 1 1 Cyan 

0 1 0 0 Red 

0 1 0 1 Magenta 

0 1 1 0 Brown 

0 1 1 1 White 

1 0 0 0 Dark gray 

1 0 0 1 Light blue 

1 (0) 1 10) Light green 

1 0 1 1 Light cyan 

1 1 0 0 Light red 

1 1 0 1 Light magenta 
1 1 1 ie) Yellow 

1 q 1 1 Intensified white 
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There are 16 palette registers that correspond to the 16 possible 
base colors. The registers allow you to remap the color represented 
by the bit patterns shown in the preceding table to any one of 64 
Possible colors that can result from combining the six bits in each 
register. Refer to Table 11-20 for the bit-to-color relationship. Setting 


a bit to 1 activates that color. Setting the bit to 0 deactivates that 
color. 


Table 11-20. Palette Register Color Attributes 
a a eh ee 


BIT COLOR 


0 Blue 

1 Green 

2 Red 

3 Secondary blue 

4 Secondary green 

5 Secondary red 
a ee ee ee 


Register Default Values 


The various registers in the EGA design have different values, de- 
pending on the video mode. Table 11-21 defines the external regis- 
ter values. Tables 11-22 through 11-25 define the register values 
of the 82C431, 82C432, 820433, and 820434, respectively. These 
LSI devices make up a specialized chip set that performs the major 
video functions on the 31 kHz card. Refer to Chapter 17 for a de- 
tailed discussion of these devices. 


NOTE: Tables 11-21 through 11-25 define the default register 
values for the video chip set when it is configured for standard EGA 
operation. These values are not the same default values as those 
used for 31 kHz operation. 
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Table 11-21. External Register Values 


REGISTER PORT MODE OF OPERATION 

NAME ADDRESS O 1 2 3 4 5 6 7 D E F_ 10 

ge Ds ae 
Misc 3C2 A7 A7 AZ AT 23 23 23 AG 23 23 A2 AT 

Feature 37A 00 00 00 00 00 00 00 00 00 00 00 00 

InnSt1 38C2 ——-—----— —_—---- 

Inpst2 3722 —-———-- eer TCT 


NOTES: ? = Binmonochrome modes, D in color modes 
— = “don’t care” 


i 


Table 11-22. 82C431 Register Values 


REGISTER PORT MODE OF OPERATION 
NAME ADDRESS 0 1 2 3 4 5 6 7 D E F_ 10 


Grphes A 3CC 00 00 00 00 00 00 00 00 00 00 00 00 
Grphcs B 3CA 01 01 01 O1 01 O1 O01 O1 01 OL O1 01 
Address 3CE —— S| Ke eer oro er err 
Set-reset 3CF-00 00 00 00 00 00 00 00 00 00 00 00 00 
EnStrst 3CF-01 00 00 00 00 00 00 00 00 00 00 00 00 
Colorcmp3CF-02 00 00 00 00 00 00 00 00 00 00 00 00 
Datarot 3CF-03 00 00 00 00 00 00 00 00 00 00 00 00 
Rdmapsi3CF-04 00 00 00 00 00 00 00 00 00 00 00 00 
Mode reg 3CF-05 10 10 10 10 30 30 00 10 00 00 00 00 
Misc 3CF-06 OE OE OF OF OF OF OD OA 05 05 05 05 
Cirdtcr 3CF-07 00 00 00 00 00 00 00 00 00 00 00 00 
Bitmask 3CF-08 FF FF FF FF FF FF FF FF FF FF FF FF 


NOTES: ? = Binmonochrome modes, D in color modes 
— = “don't care” 


mS 
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Table 11-23. 82C432 Register Values 


REGISTER PORT MODE OF OPERATION 
NAME ADDRESS 0 1 2 3 4 5 6 7 D E F 10 


Address 3C4 -e- r rrr Cr cr cr er eC 
Reset 3C5-00 03 03 03 03 03 03 03 03 03 03 03 03 
ClockMd 3C5-01 OB 0B 01 01 OB OB 01 00 OB 01 01 O01 
Map Mask 3C5-02 03 03 03 03 03 03 01 03 OF OF OF OF 
CharGen 3C5-03 00 00 00 00 00 00 00 00 00 00 00 00 
Mem Mode 3C5-04 03 03 03 03 02 02 06 03 06 06 06 06 


NOTES: ? = Binmonochrome modes, D in color modes 
— = “don'tcare” 


Table 11-24. 82C433 Register Values 


REGISTER PORT MODE OF OPERATION 
NAME ADDRESS 0 1 2 3 4 5 6 7 D E F 10 


Address 3CO  — — — — — ~— — — — — 
Palette 3C0-00 00 00 00 00 00 00 00 00 00 00 00 00 
Palette 3C0-01 01 O01 01 01 13 13 17 08 01 O01 O08 O1 

Palette 3C0-02 02 02 02 02 15 15 17 08 02 02 00 02 
Palette 3C0-03 03 03 03 08 17 17 17 08 03 03 00 03 
Palette 3C0-04 04 04 04 04 02 02 17 08 04 04 18 04 
Palette 3C0-05 05 05 05 05 04 04 17 08 05 05 18 05 
Palette 3C0-06 14 14 14 14 06 06 17 O08 06 O06 OO 06 
Palette 3C0-07 07 07 O07 O07 O7 O07 17 08 O07 07 00 07 
Palette 3C0-08 38 38 38 38 10 10 17 10 10 10 00 38 
Palette 3C0-09 39 39 39 39 11 11 17 18 11 11 08 39 
Palette 3C0-0A 3A 3A 3A 3A 12 12 17 18 12 12 00 3A 
Palette 3C0-0B 3B 3B 3B 3B 13 13 17 18 13 13 00 3B 
Palette 3C0-0C 3C 3C 3C 3C 14 14 17 18 14 14 00 3C 
Palette 3C0-0D 3D 3D 3D 3D 15 15 17 18 15 15 18 3D 
Palette 3C0-OE 3E 3E 3E 3E 16 16 17 18 16 16 00 3E 
Palette 3C0O-OF 3F 3F 3F 3F 17 17 18 17 17 00 3F 3F 
Mode ctrl 3C0-10 08 08 O08 08 01 01 O01 OE 01 O01 OB 01 

Overscan 3C0-11 00 00 00 00 00 00 00 00 00 00 00 00 
Clirplane 3C0-12 OF OF OF OF 03 03 01 OF OF OF 05 OF 
Hrzpan 3C0-13 00 00 00 00 00 00 00 00 00 00 00 00 


NOTES: ? = Bin monochrome modes, D in color modes 
— = “don’t care” 


Eee 
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Table 11-25. 82C434 Register Values 


REGISTER PORT MODE OF OPERATION 
NAME ADDRESS 0 1 2 3 4 5 6 7 D E F_ 10 


Address 374 —--—-- - - errr 
Hrztotal 375-00 2D 2D 5B 5B 37 37 70 60 37 70 60 5B 
Hrzdsply 3725-01 27 27 4F 4F 27 27 4F 4F 27 4F 4F 4F 
Shrzblk 375-02 2B 2B 53 53 2D 2D 59 56 2D 56 56 53 
Ehrzblk 375-03 2D 2D 37 37 37 37 2D 3A 37 2D 3A 37 
Shrzrte 325-04 28 28 51 51 30 30 5E 51 30 SE S50 SE 
Ehrzric 375-05 6D 6D 5B 5B 14 14 06 60 14 06 60 00 
Verttotl 375-06 6C 6C 6C 6C 04 04 04 70 04 04 70 6C 
Overflow 375-07 4F 1F 1F 1F 11 #141 «#11 #1F 11 «11 «IF IF 
Prstrow 375-08 00 00 00 00 00 00 00 00 00 00 00 00 
Mxscnin 375-09 0D OD OD OD 01 Of 01 OD 00 00 00 00 
Cursors 375-0A 0B OB OB OB 00 00 00 OB 00 00 00 00 
Cursore 375-0B 0C OC OC OC 00 00 00 OC 00 00 00 00 
Saddrh 375-00 — — —- — —~ -—- —- - - - > 
Saddrl3 25-0D2 — — —- — —~ —- = - - - —- = 
Cursor h3? 5-0E2 et Se 
Cursor 13? 5-0F2 —— e—- K—- eK- ere er co rl rll 
Vrics 395-10 5E 5E 5E SE £1 E1 EO 5E &1 EO SE 5E 
Vrice 325-11 2B 2B 2B 2B 24 24 23 2E 24 23 2E 2B 
Lpenh 325-10 —-—-— e—- - ee er errr 
Lpen| 375-11 —_ — S—- K— Ke Ke ere errr Co 
Vdsplye 375-12 5D 5D 5D 5D C7 C7 C7 5D C7 C7 5D 5D 
Offset 375-13 14 14 28 28 14 14 28 28 14 28 28 28 
Ulineloc 375-14 OF OF OF OF 00 00 00 OD 00 00 OD OF 
Svblk 325-15 5E 5E 5E 5E £0 EO DF SE £0 DF SE SF 
Evbik 375-16 OA OA OA OA FO FO EF 6E FO EF 6E OA 
Md ctrl 325-17 A3 A383 A3 AS A2 A2 C2 AB ES EB EB EB 
Lnemp 375-18 FF FF FF FF FF FF FF FF FF FF FF FF 


NOTES: ? = Bin monochrome modes, D in color modes 
— = “don't care" 
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Chapter 12 
The CPU 


This chapter explains the programmer accessible features of the 
Intel 80386 microprocessor. This device is one of the most advanced 
microprocessor products in use today. 


Introduction 


The system CPU card, located in slot 4 of the backplane card, con- 
tains the majority of the computer system’s control circuitry. The 
card contains the 80386 CPU, sockets for either the 80287 or the 
80387 coprocessors, the system firmware, and a socket for an addi- 
tional ROM device. The card also contains address and data bus 
buffers, system decoding and control logic, 32-bit memory control 
logic, the system clock circuits and the interface for the optional 
cache controller. Figure 12-1 is a block diagram of the CPU card 
showing the organization of this card. Only the microprocessors lo- 
cated on the CPU card are programmable by the user. 


80387 


80287 
COPROCESSOR 


COPROCESSOR 


MEMORY 
CONTROL 
LOGIC 


BUS 
CONNECTORS 


Figure 12-1. CPU Card Block Diagram 
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The 80386 is a full 32-bit microprocessor employing a 32-bit data 
path internally as well as externally. The design of the 80386 is 
an extension of the 8086 and the 80286 microprocessors previously 
developed by Intel. The 80386 instruction set (refer to Appendix 
A) is a superset of the instruction sets of these earlier microproces- 
sors. This provides a great deal of flexibility by permitting programs 
developed for the earlier devices to run on the 80386. The 80386 
differs from the earlier 8086 and the 80286 only in the extent of 
its capabilities. The processor maintains the instruction sets and 
Capabilities of these earlier devices. It extends those capabilities 
by adding more instructions, features, and raw speed to the comput- 
ing environment. 


80386 Base Architecture 


This section describes the base architecture of the 80386. For the 
purposes of this discussion the base architecture refers to the gen- 
eral internal architecture of the processor. 


NOTE: The processor architecture alters somewhat when the de- 
vice switches between protected mode or virtual 8086 mode. Later 
sections of this chapter contain discussions of these modes. 


Internally, the 80386 consists of three main units, the central 
processing unit, the memory management unit, and the bus inter- 
face. The central processing unit consists of the execution unit and 
the instruction unit, which are very similar to the earlier 8086 and 
80286 microprocessors. However, the 80386 also includes a mem- 
ory management unit with virtual page capability. The memory man- 
agement unit consists of a segmentation unit and a paging unit. 
Figure 12-2 is a block diagram of the 80386 architecture. 
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Figure 12-2. 80386 Processor Architecture 


Bus Interface Unit — The bus interface unit (BIU) provides the 
interface between the 80386 microprocessor and the rest of the 
computer. This unit accepts requests for code fetches and data 
transfers and provides priorities for these requests. This unit also 
provides the control signals required for execution of the current 
bus cycle and controls the interface to the system coprocessor. 


Instruction Prefetch Unit — The prefetch unit essentially performs 
a program look ahead function for the 80386. This unit monitors 
the bus interface unit. When the BIU is not performing data transfers, 
this unit uses the BIU to sequentially prefetch instructions. The BIU 
has a 16-byte queue it uses to store these instructions. Since pre- 
fetch operations have a lower processor priority than data transfers, 
the activity of the prefetch unit does not degrade processor perfor- 
mance. 


Instruction Decode Unit — This unit accepts the instructions from 
the prefetch unit and translates them into microcode for the proces- 
sor. This unit has a FIFO buffer capable of storing three decoded 
instructions. This unit also generates immediate data and opcode 
offsets for logical addresses. 
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Execution Unit — The execution unit consists of the ALU, the con- 
trol unit, the protection test unit, and eight 32-bit general purpose 
registers. This unit accepts the decoded instructions and executes 
them. In doing this it also communicates with other portions of the 
microprocessor to obtain required data. 


Segmentation Unit — The segmentation unit converts the logical 
addresses into linear addresses under the control of the execution 
unit. The segmentation unit also checks for segmentaton violations. 


The processor uses an on-chip cache to help speed up these trans- 
lations. 


Paging Unit — If the paging mode is active in the 80386, this unit 
will translate linear addresses into physical addresses. If the paging 
mode is not active, no translation takes place. The paging unit also 
uses an on-chip cache to speed up translations. The processor 


sends the physical addresses to the BIU for memory and I/O acces- 
ses. 


Register Resources 


The 80386 microprocessor contains 32 programmer-accessible reg- 


isters. These registers can be grouped according to their functions, 
as follows: 


General purpose registers 
Instruction pointer and flags 
Segment registers 

Control registers 

Address registers 

Debug registers 

Test registers. 
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Execution Unit — The execution unit consists of the ALU, the con- 
trol unit, the protection test unit, and eight 32-bit general purpose 
registers. This unit accepts the decoded instructions and executes 
them. In doing this it also communicates with other portions of the 
microprocessor to obtain required data. 


Segmentation Unit — The segmentation unit converts the logical 
addresses into linear addresses under the control of the execution 
unit. The segmentation unit also checks for segmentaton violations. 


The processor uses an on-chip cache to help speed up these trans- 
lations. 


Paging Unit — If the paging mode is active in the 80386, this unit 
will translate linear addresses into physical addresses. If the paging 
mode is not active, no translation takes place. The paging unit also 
uses an on-chip cache to speed up translations. The processor 


sends the physical addresses to the BIU for memory and I/O acces- 
ses. 


Register Resources 


The 80386 microprocessor contains 32 programmer-accessible reg- 


isters. These registers can be grouped according to their functions, 
as follows: 


General purpose registers 
Instruction pointer and flags 
Segment registers 

Control registers 

Address register 

Debug registe 

Test registe 
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The design of the registers within the 80386 maintains compatibility 
with previous Intel processors. The registers in the 80386 are a 
superset of the registers contained in the 8086 and 80286. Table 
12-1 provides an overall graphic view of the various registers and 
their uses in the 80386 while figure 12-3 illustrates the internal regis- 
ter organization. 


GENERAL REGISTERS 
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STATUS AND INSTRUCTION REGISTERS 
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Figure 12-3. 80386 Internal Register Structure 
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Table 12-1. 80386 Register Usage 


USAGE MODE 

REAL PROTECTED VIRTUAL 
REGISTER LOAD STORE LOAD STORE LOAD STORE 
a 
General Y Y Y Y Y Y 
Segment Y og Y Y Y Y 
Flag ¥ + Y Y VO VO 
Control Y Y P P N Y 
GDTR ¥ Y P Y N me 
IDTR ¥ Y P Y N 'Y¥: 
LDTR N N P ¥ N N 
TR N N P Y N N 
Debug ¥ ¥ P P N N 
Test Y Y P P N N 


NOTES: I/O This indicates that the PUSHF and POPF instructions are 
\/O privilege level sensitive in this mode. 
P_ This indicates that the registers can be accessed only when 
the current privilege level is equal to zero. 


The registers illustrated in Figure 12-3 are task specific. The proces- 
sor automatically loads the registers with new contents whenever 
the processor executes a task switch operation. Table 12-2 de- 
scribes the functions of these registers. 


Table 12-2. 80386 Internal Registers 


REGISTER DESCRIPTION 


EAX 32-bit general purpose register containing the AX, AH, and 
AL registers. Normally operates as the 32-bit accumulator 
AX 16-bit accumulator register (least-significant 16 bits of regis- 


ter EAX). This register consists of the 8-bit AH (high) and 
AL (low) registers. Specifically used by word multiply, word 
divide, and word input/output instructions. 


AH The high eight bits of register AX. Specifically used by 16-bit 
byte multiply and byte divide instructions. 
AL The low eight bits of register AX. Specifically used by 16-bit 


byte multiply, byte divide, byte input/output, translate, and 
decimal arithmetic instructions. 


jos | 
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Table 12-2 (continued). 80386 Internal Registers 


REGISTER DESCRIPTION 


EBX 


BX 


EDX 


32-bit general purpose register containing the BX, BH, and 
BL registers. Functions as the 32-bit base register. 

16-bit base register (least-significant 16 bits of register EBX). 
This register consists of the 8-bit BH (high) and BL (low) 
registers. Specifically used by 16-bit translate instructions. 
The high eight bits of register BX. 

The low eight bits of register BX. 

32-bit general purpose register containing the CX, CH, and 
CL registers. 

16-bit count register (least-significant 16 bit of register ECX). 
This register consists of the 8-bit CH (high) and CL (low) 
registers. Specifically used by 16-bit string operations and 
loops. 

The high eight bits of register CX. 

The low eight bits of register CX. Specifically used by vari- 
able shift and rotate instructions. 

32-bit general purpose register containing the DX, DH, and 
DL registers. 

16-bit data register (least-significant 16 bits of register EDX). 
This register consists of the 8-bit DH (high) and DL (low) 
registers. Specifically used by 16-bit word multiply, word di- 
vide, and indirect input/output instructions. 

The high eight bits of register DX. 

The low eight bits of register DX. 

32-bit general purpose register containing the SI register. 
16-bit source index register (least-significant 16 bits of regis- 
ter ESI). The processor uses this 16-bit register for string 
operations. 

32-bit general purpose register containing the DI register. 
16-bit destination index register (least-significant 16 bits of 
register EDI). The processor also uses this 16-bit register 
for string operations. 

32-bit general purpose register containing the BP register. 
16-bit base pointer register (least-significant 16 bits of regis- 
ter EBP). Although the processor does not use this 16-bit 
register for any specific operation, it does come into use 
with certain addressing modes. 

32-bit general purpose register containing the SP register. 
16-bit stack pointer register (least-significant 16 bits of regis- 
ter ESP). The processor uses this 16-bit register for stack 
operations. The register contains the current stack address. 
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Table 12-2 (continued). 80386 Internal Registers 


REGISTER 


cs 


Ss 


DS 


EFLAGS 
FLAGS 


DESCRIPTION 


Code segment register. This 16-bit register points to the base 
address of the current code segment. The CPU fetches in- 
structions from this segment. 

Stack segment register. This 16-bit register points to the 
base address of the current stack segment. This segment 
holds the stack for the CPU. 

Data segment register. This 16-bit register points to the base 
address of the current data segment. This register normally 
contains contains variables for the program being executed. 
16-bit data segment register. 

16-bit data segment register. 

16-bit data segment register. 

32-bit register containing the offset, relative to the base of 
the current code segment, of the next sequential instruction 
to be executed. This register is not directly visible to the 
programmer. The low-order 16 bits include the 16-bit IP reg- 
ister. 

16-bit instruction pointer (least-significant 16 bits of register 
EIP). This 16-bit register is similar in purpose to the program 
counter in 8-bit CPU designs. The contents of this register 
point to the next instruction location. The processor updates 
this information and fetches the next instruction through the 
bus interface unit. Saving the instruction pointer on the stack 
will insure that the information will remain current. 

32-bit flag register containing the 16-bit register FLAGS 
16-bit flag register (least-significant 16 bits of register 
EFLAGS) for 16-bit operations. 


NOTE: All eight 16-bit general purpose registers fit the definition of ac- 
cumulator as defined for 8-bit CPUs. 
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General Purpose Registers 


The general purpose registers (EAX, EBX, ECX, EDX, ESI, EDI, 
EBP, and ESP) are 32-bit registers. As shown in Figure 12-3 and 
Table 12-1 they can also be divided into 16-bit and 8-bit sub-units. 
The registers can hold either data or address information. They sup- 
port data operands of 1, 8, 16, 32, or 64 bits and bit fields from 
1 to 32 bits long. The registers also support address operands of 
16 or 32 bits. 


Instruction Pointer and Flags 


The instruction pointer (EIP) contains the offset of the next instruc- 
tion requiring execution. The offset always remains relative to the 
base of the code segment (CS). 


The flags register in the 80386 is a 32-bit register containing the 
16-bit FLAGS register. Two new registers exist in the 80386 in addi- 
tion to those used in the 80286. Figure 12-4 illustrates these addi- 
tions. Table 12-3 describes the 80386 flag set. You should not use 
the reserved flag bits in the 80386 for systems or applications pro- 
grams. 


3 


U 15 oO 
EE Dol Peele Tele 


Figure 12-4. 80386 Flags Register 


Table 12-3. 80386 Flag Definitions 


FLAG BIT PURPOSE 

VM (bit 17) Virtual 8086 mode. If set while the processor is in pro- 
tected mode, the 80386 will switch to virtual 8086 oper- 
ation. 

RF (bit 16) Resume flag. Use this flag in conjunction with the 


debug registers. If this bit is active, the processor will 
ignore any debug fault occurring on the next instruc- 
tion. 
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Table 12-3 (continued). 80386 Flag Definitions 


FLAG BIT 


NT (bit 14) 


IOPL (bit 12-13) 


OF (bit 11) 


DF (bit 10) 


IF (bit 9) 

TF (bit 8) 
SF (bit 7) 
ZF (bit 6) 


AF (bit 4) 


PF (bit 2) 


CF (bit 0) 


PURPOSE 


Nested task. This flag deals with protected mode oper- 
ations. In the 80386 a task may be nested within 
another task. A set condition for this flag indicates that 
the current task has a valid back link to the previous 
task. 

Input/output privilege level. This flag also pertains to 
protected mode operations. This flag indicates the 
maximum current privilege level (CPL) permitted for 
/O instruction execution. 

Overflow flag. This flag is set if an operation results 
in a signed overflow. A signed overflow condition exists 
if an operation causes a carry/borrow into the sign bit 
without a corresponding carry/borrow out of the high- 
order bit, or vice versa. 

Direction flag. If set, the ES! and/or EDI registers will 
postdecrement during string operations. If not, the reg- 
isters will postincrement. 

INTR enable flag. If set, the processor will recognize 
external interrupts on the INTR pin. 

Trap enable flag. If set, the 80386 will generate an 
exception 1 trap after the next instruction executes. 
Sign flag. This flag sets if the high-order bit of the oper- 
ation results in a high logic state (1). 

Zero flag. This flag is set if all bits of the result are 
zero. 

Auxiliary carry flag. This flag is set if the addition of 
a packed BCD value resulted in a carry out of bit 3. 
It is also set if the subtraction of a packed BCD value 
resulted in a borrow from bit 3. This flag is only affected 
by the operation on bit 3, regardless of the overall 
operand length. 

Parity flag. This flag is set if the low-order eight bits 
of an operation contains an even number of 1s. Only 
the value of the low-order eight bits affects the parity 
flag. 

Carry flag. This flag is set for addition if the operation 
resulted in a carry out of the high order bit. A subtrac- 
tion operation resulting in a borrow out of the high- 
order bit will also set the flag. 
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Segment Registers 


There are six 16-bit registers within the 80386. These registers are 
available for holding segment selector values to identify the currently 
addressable memory segments. The available segment size varies 
with the mode of operation for the 80386. In protected mode the 
segment size can vary from one byte up to the maximum memory 
size of the computer (16M). Real address mode restricts the seg- 
ment size to a maximum of 64K. The CS register maintains the 
current code segment information. The SS register maintains the 
current stack segment information. The remaining four registers are 
available for storing information related to data storage. There is 
an additional register associated with each segment register in the 
80386. These registers are the segment descriptor registers. 


The segment descriptor registers are not totally visible to the pro- 
grammer; however, their function is closely tied to the programming 
task. Each descriptor register contains a 32-bit segment base ad- 
dress, a 20-bit segment limit, and segment attributes. When the 
processor loads a value into a segment register, it automatically 
updates the descriptor register. In real address mode the base ad- 
dress is the only portion of the descriptor that the processor updates. 
This is because the segment limits and attributes remain fixed in 
real mode. In protected mode the processor updates the entire de- 
scriptor register. 


Whenever a memory reference occurs, the processor automatically 
involves the segment descriptor register with the reference. The de- 
scriptor register’s 32-bit segment base address becomes a part of 
the linear address calculation, the limit serves in limit check opera- 
tions. The system checks the attributes against the type of reference 
requested. 
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Control Registers 


The 80386 employs four 32-bit control registers to maintain the cur- 
rent global machine state. Three of these registers are accessible 
to the programmer. Figure 12-5 illustrates the 80386 control regis- 
ters. 
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Figure 12-5. 80386 Control Registers 


The CRO register is the machine control register. It contains six 
bits that define machine status and control modes. In order to main- 
tain compatibility with 80286 protected mode, the low-order 16 bits 
of CRO are known as the machine status word. The special LMSW 
and SMSW instructions (refer to Appendix A) handle these 16 bits 
the same in the 80386 as they do in the 80286. Intel recommends 
the use of the MOV CRO, REG class instruction to change bits that 
the LMSW instruction does not affect. You should not use the re- 
served bits in this or any other register for programming operations. 
Table 12-4 details the defined bit functions in CRO. 
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Table 12-4. Register CRO Bit Definitions 


BIT 


PG (bit 31) 


ET (bit 4) 


TS (bit 3) 


EM (bit 2) 


MP (bit 1) 


PE (bit 0) 


FUNCTION 


Paging enable. Setting this bit enables the on-chip 
paging unit. 


Processor extension type. If set, this bit indicates that 
a 80387 coprocessor is present and the processor will 
use 32-bit protocol. If clear, the processor will expect 
a 80287 coprocessor and will use 16-bit protocol. For 
strict 80286 compatibility the LMSW instruction does 
not affect this bit. 


Task switch. Whenever a task switch operation occurs, 
the processor sets this bit. A coprocessor escape op- 
code will cause a “coprocessor not available” trap. The 
trap handler will save the previous task’s 80287/80387 
context, load the 80287/80387 context for the current 
task, and clear the TS bit before returning to the fault- 
ing opcode. 


Emulate coprocessor. If set, this bit will cause all co- 
processor opcodes to generate a “coprocessor not 
available” fault. The setting of this bit does not affect 
the coprocessor WAIT opcode. 


Monitor coprocessor. Use this bit with the TS bit to 
determine if the WAIT opcode will generate a “co- 
processor not available” fault when TS = 1. If the TS 
and MP bits are both set, the opcode will generate 
atrap. 


Protection enable. Setting this bit enables protected 
mode in the processor. If the bit is clear, the processor 
will operate in real mode. Loading the machine status 
word or CRO will set this bit. The only way to clear 
this bit is to load CRO. This allows the 80386 to main- 
tain compatibility with the 80286. 


ED 
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The CR2 register is the page fault linear address register. This regis- 
ter contains the 32-bit linear address that caused the last detected 
page fault. You can find additional information about the error in 
the error code pushed onto the page fault handler’s stack. 


The CR register is the page directory base address register. This 
register contains the physical base address of the page directory 
table. In the 80386 this table is always page-aligned on 4K bound- 
aries. This means that the processor ignores the lowest 12 bits of 
this register. These are reserved bits and should not be used. 


If a task switch operation changes the value of CR3, or CR3 is 
explicitly loaded with any value, all cached page table entries in 
the paging unit cache are no longer valid. 


Address Registers 


The 80386 supports four special registers to refer to tables or seg- 
ments in protected mode. These registers support similar operations 
in the earlier 80286 processor. The tables or segments referred 
to are: 


TSS (task state segment) 

LDT (local descriptor table) 
GDT (global descriptor table) 
IDT (interrupt descriptor table). 
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The CPU uses special registers to store these values. These are 
the system address and system segment registers referred to as 
TR, LDTR, GDTR and IDTR, respectively. Figure 12-6 illustrates 
these registers. 
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Figure 12-6. 80386 System Segment Registers 


The GDTR and IDTR registers hold the 32-bit linear base address 
and the 16-bit limit of the global and interrupt descriptor tables, re- 
‘spectively. The LDTR and TR registers hold the 16-bit selector for 
the LDT and TSS segments. 
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Debug and Test Registers 


The 80386 includes a powerful debug feature that is built into the 
processor hardware. The processor provides eight registers for on- 
chip support of debugging operations. Four of the registers hold 
the linear address of the breakpoints. The processor uses one regis- 
ter to control the breakpoint registers while another maintains the 
status on each of the breakpoints. Do not use the remaining two 


reserved registers. Figure 12-7 illustrates the debug and test regis- 
ters. 
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Figure 12-7. 80386 Debug and Test Registers 


The 80386 also contains two registers used for testing purposes. 
These registers, also illustrated in Figure 12-7, control the testing 
of the content addressable memories in the translation lookaside 
buffer within the 80386. Register TR6 is the command test register 
and register TR7 holds the resulting data from the test. 
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Processor Addressing 


The 80386 supports eleven different addressing modes to specify 
operands used in processing. Two of these modes provide for in- 
structions that operate on register or immediate operands. 


Register Operand Mode — In this mode the operand resides in 
one of the 8-, 16-, or 32-bit general purpose registers. 


immediate Operand Mode — In this mode the instruction itself 
contains the operand as part of the opcode. 


The remaining nine addressing modes are the memory addressing 
modes. These modes allow the user to specify the effective address 
of the operand. The Intel documentation referred to in Chapter 4 
includes a full description of these modes with examples. 


The 80386 uses an advanced method of address calculation. The 
physical address of a given operand is based on a number of differ- 
ent factors. Some of the more critical factors are the effective ad- 
dress, the linear address, and which mode of operation the proces- 
sor is executing. You can find details on the address calculation 
mechanism in Chapter 14. 


The linear address used in these calculations consists of two compo- 
nents, the effective address and the segment base address. The 
processor calculates the effective address by summing any combi- 
nation of the following four elements: 


Displacement — This is an 8- or 32-bit immediate value which 
follows the instruction. 


Base — The contents of any general purpose register makes up 
this value. 


Index — This value may be the contents of any general purpose 
register except the stack register (ESP). 


Scale — You can multiply the value of the index register by a 
specified scale factor. The permitted values for this scale factor are 
1, 2,4, or 8. 
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The 80386 is capable of executing 16-bit instructions in both the 
real and protected modes. This feature enhances processor com- 
patibility with the 8086 and 80286 processors. The processor ac- 
complishes this by examining the D bit in the segment descriptor. 
If the value of this bit is 1, then the default operand length is 32 
bits. Otherwise, the default operand length is 16 bits. Two override 
prefixes are available to override the value of the D bit. One prefix 
is the operand size prefix, the other is the address length prefix. 
Both of these prefixes override the value of the D bit on an individual 
instruction basis. 


The 80386 has two distinct physical address spaces, memory ad- 
dress space and I/O address space. The following sections discuss 
these address spaces. 


Memory 


The 80386 views memory space as a collection of 8-bit quantities. 
These 8-bit collections have specific names associated with them. 
A group of 8-bits is a byte, 16-bits is a word, and 32-bits is a double- 
word (dword). The processor stores this information in memory from 
the lowest memory address to the highest. Thus, a word is two 
consecutive bytes, with the low-order byte at the lowest address. 
In a similar manner a dword consists of four consecutive bytes with 
the low-order byte also occupying the lowest address. This means 
that a reference to the address of a word or dword in memory is 
the address of the low-order byte. 


The 80386 also supports two larger memory organizations: pages 
and segments. Segments can be of different variable lengths, 
shared between programs, or swapped to mass storage devices. 
Pages of memory consist of 4K blocks of memory. 


The 80386 operates with three distinct address spaces: logical, 
linear, and physical. A logical address consists of a selector and 
an offset. (This value is also referred to as a virtual address.) An 
offset is essentially the same as the effective address mentioned 
in the previous section. It consists of a summation of the various 
address components (base, index, and displacement) These are 
combined with the scale factor to create the effective address. 
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The processor architecture limits each task in the 80386 to a 
maximum of 16K selectors. Each offset may consist of a memory 
block up to 4 gigabytes in size. The combination of these two factors 
means that a total logical address space of 64 terabytes is available 
per task. 


Input/Output 


The memory space assigned to I/O in the 80386 has a maximum 
size of 64K. You may arrange this area in any combination of 8-bit, 
16-bit, and 32-bit ports as long as the total space does not exceed 
the 64K maximum. The 64K used for I/O processing resides in phys- 
ical memory. I/O operations in the 80386 do not involve segmenta- 
tion or paging hardware. 


Any program can directly access the I/O space using the processor 
IN and OUT instructions. Place the desired port address in the DL, 
DX, or EDX register. The 80386 will zero extend all 8- and 16-bit 
port addresses on the upper address lines. 


Interrupts 


The 80386 uses two methods to alter the normal program flow: 
interrupts and exceptions. Exceptions handle processor instruction 
faults while interrupts handle asynchronous external events. This 
section includes a discussion of both methods. 


Exceptions can be classed in one of three groups depending on 
the reporting method used and whether or not the processor sup- 
ports instruction restart: 


Faults — A class of exceptions detected and serviced before the 
execution of the faulting instruction. The processor supports instruc- 
tion restart for this class. The return address from an exception 
fault routine will always point to the instruction causing the fault. 


Traps — A class of exception reported immediately after instruction 
execution. The processor does not support instruction restart for 
this class. (User-defined interrupts are examples of traps.) 
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Aborts — A special class of exceptions which occur when the 
processor cannot locate the faulting instruction. The processor does 
not support instruction restart for this class. 


Interrupts are restricted to one of two classifications: 


Maskable — A hardware interrupt occurring when the interrupt flag 
bit (IF) is enabled. (Disabling the IF bit turns off interrupt processing.) 


Non-Maskable (NMI) — This class of hardware interrupt is reported 
regardless of the setting of the IF bit in the flags register. The proces- 
Sor provides an internal vector value of 2 for this interrupt but does 
not provide the usual interrupt acknowledge sequence. 


Basically, all interrupts are processed in the same sequence of 
steps: 


1. The interrupt occurs. 


2. The processor saves the current program address and flag 
values on the stack. 


3. The processor receives an 8-bit vector identifying the source 
of the interrupt. 


4. The processor selects and executes the appropriate interrupt 
service routine. 


5. At the completion of the service routine (IRET instruction) the 


Processor restores the program address and flags from the 
stack. 


6. Program execution resumes with the instruction immediately 
after the interrupted instruction. 


The 80386 can handle a total of 256 different interrupts/exceptions. 
It is also possible for more than one interrupt to be in process at 
the same time. When a maskable interrupt occurs, the processor 
clears the IF flag in the flags register, disabling interrupts. If the 
executing program expects additional interrupt requests, the inter- 
rupt service routine must set this bit. Otherwise the processor will 
not recognize any further interrupt requests from the system. In the 
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case of a non-maskable interrupt, the 80386 will not recognize addi- 
tional interrupts until it processes an IRET instruction or it is reset. 
If a second NMI should occur while one is in process, the 80386 
will store it until the processor executes the IRET instruction. 


To handle multiple interrupts, the 80386 implements a priority struc- 
ture. Six different priority levels exist for interrupt processing. Table 
42-5 summarizes the priority levels. If multiple interrupts occur, they 
will be processed according to their priority level (highest to lowest). 
Table 12-6 summarizes all interrupt vector assignments available 
in the 80386. 


Table 12-5. Interrupt Priorities 
PRIORITY INTERRUPT TYPE 


Exception faults 
TRAP instructions 
Debug traps 
Debug faults 

NMI interrupt 
INTR interrupt 


aonraAn- 


NOTE: Priority level 1 is the highest and level 6 is the lowest. 


Table 12-6. 80386 Interrupt Vector Assignments 
INTERRUPT VECTOR FUNCTION 


Divide error 

Debug exception 
NMI interrupt 
One-byte interrupt 
Interrupt on overflow 
Array bounds check 
Invalid OP-code 
Device not available 
Double fault 
Coprocessor segment overrun 
10 Invalid TSS 

11 Segment not present 
12 Stack fault 


OMNOOPRWNHAO 


Page 12-22 
The CPU 


eS 


Table 12-6 (continued). 80386 Interrupt Vector Assignments 
a es 
INTERRUPT VECTOR FUNCTION 

a NRE Ee cere ee eae 


13 General protection fault 

14 Page fault 

16 Coprocessor error 

17-32 Reserved (do not use) 

0-255 User available two-byte interrupt 


__ TF ——.. 


When the 80386 receives the vector identifying the interrupt source, 
it must determine the location of the interrupt service routine. A 
standard MS-DOS system can accomplish this is in one of two ways. 


If the processor is operating in real mode, the processor multiplies 
the interrupt vector by a factor of four. This multiplication provides 
the address of the service routine. If the processor is in protected 
mode, it multiplies the interrupt by a factor of 8. The resulting value 
is added to the base value in the interrupt descriptor table. This 
final value is the address of the appropriate interrupt service routine. 
Naturally, as with other reserved functions in the processor, reserved 
interrupts should not be used. 


Debug Registers 


The 80386 provides support, in hardware, for software debugging. 
These features allow the user to set breakpoints as well as single 
step through code. Using the debug registers, the programmer can 
set data access as well as code execution breakpoints. This can 
be especially useful for debugging code that is not accessible 
through more normal debug facilities. 


The 80386 contains eight registers dedicated to debugging opera- 
tions. Two reserved registers reduce the programmer usable total 
to six. Of the remaining registers, four contain breakpoint addresses 
and the remaining two contain control and status information. Figure 
12-8 illustrates the debug registers in greater detail. 
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Figure 12-8. 80386 Debug Registers 


Seven bits in the DR6 register are usable by the programmer. Table 
12-7 defines the function of these bits. The processor controls the 
setting of the flags in the DR6 register but the software control 
routines must clear these bits. The DR6 register is also referred 
to as the debug status register. 


Table 12-7. DR6 Register Definitions 


BIT DEFINITION 

BT The processor sets this bit when a task switch occurs to 
a task where the TSS has the T bit set. 

BS The processor sets this bit if the exception handler is invoked 


when the TF bit in the flags register is set. This allows the 
debug handlers to distinguish between single step traps and 
other debug conditions. 


BD The processor will set this bit if the next instruction attempts 
to read or write the debug registers when the GD bit in DR7 
is set. 

BO-B3 These bits define which of the qualified breakpoints oc- 


curred. These bits correspond to the four breakpoint regis- 
ters. For example, the processor will set bit B1 if it detects 
breakpoint 1. 
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Register DR7 is referred to as the debug control register. This regis- 
ter provides control over several debug features including setting 
breakpoints and breakpoint control options. Table 12-8 provides de- 
scriptions for the defined bit fields in register DR7. 


Table 12-8. Register DR7 Bit Definitions 


BIT 


0 


10=42 


NAME 


LO 


GO 


G3 


LE 


GE 


DEFINITION 


Local breakpoint enable 0 — This bit enables 
breakpoint detection for the associated breakpoint 
register (DRO). If this bit or the associated global 
bit (GO) is set, and the 80386 detects a breakpoint 
condition, then the exception handler is invoked. 
Global breakpoint enable 0 — This bit also enables 
breakpoint detection for register DRO. If set when 
the 80386 detects a breakpoint condition, the ex- 
ception handler will be invoked. 

Local breakpoint enable 1 — Same as LO for break- 
point register DR1. 

Global breakpoint enable 1 — Same as GO for 
breakpoint register DR1. 

Local breakpoint enable 2— Same as LO for break- 
point register DR2 

Global breakpoint enable 2 — Same as GO for 
breakpoint register DR2. 

Local breakpoint enable 3 — Same as LO for break- 
point register DR3. 

Global breakpoint enable 3 — Same as GO for 
breakpoint register DR3. 

Local breakpoint match — If this bit or the as- 
sociated GE bit is set, the 80386 will report any 
exact data breakpoint match immediately after the 
completion of the instruction that transferred the 
operand. This bit is automatically cleared during a 
task switch. 

Global breakpoint match — This bit serves the 
same function as the previous bit, indicating an 
exact data breakpoint match. This bit is unaffected 
by a task switch and remains in the same state. 
Reserved — Do not use. 
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Table 12-8 (continued). Register DR7 Bit Definitions 


DEFINITION 


BIT NAME 
13 GD 
14,15 

16 wo 

17 RO 


18,19 LENO 


Global debug register access bit — If this bit is set 
when an instruction attempts to read or write any 
debug register, the 80386 will generate an excep- 
tion fault. When the exception handler is invoked, 
it will automatically clear the exception fault. Since 
access to the debug registers is only permitted in 
real mode or in protected mode at privilege level 
0, this provides extra protection against a debug 
register access. 

Reserved — Do not use. 

Write memory access qualifier bit — This bit works 
in conjunction with the read qualifier bit to determine 
what type of breakpoint usage is being requested. 
One pair of read write qualifiers exist for each 
breakpoint. 


Read memory access qualifier bit — This bit works 
with the write qualifier to determine breakpoint 
usage according to the following pattern: 


R W _ USAGE 

0 0 Instruction execution only 
0 1 Datawrites only 

1 0 Reserved 

1 1. Data reads and writes 


Breakpoint length bit — The 2-bit length field 
specifies the length of the associated breakpoint 
field according to the following definition: 


LEN FIELD WIDTH 
00 1 byte 

01 2 bytes 

10 Reserved 

1 4 bytes 


Each breakpoint field is aligned: 2-byte fields begin 
on word boundaries while 4-byte fields begin on 
dword boundaries. 


NOTE: The read/write qualifiers and the length fields repeat for each of 
the remaining breakpoints. Each group requires four bits per breakpoint. 
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NOTE: When using the exact data match bits (LE and GE) make 
sure that the handler routine requests an exact data breakpoint 
match. If the program does not request an exact match, a match 
may occur without being reported. To make sure this happens, when 
enabling the breakpoint bit, also enable the exact match bit. 


Registers DR5 and DR4 are reserved and should not be used. Reg- 
isters DRO — DR@ are the linear breakpoint address registers. These 
registers contain the actual memory location of the selected break- 
points. 


Test Registers 


The 80386 hardware also incorporates features to allow internal 
testing. The 80386 can perform two major types of tests: an internal 
self-test and testing of the translation lookaside buffer. 


The internal self-test checks about half of the internal device cir- 
cuitry, including the control ROM and most of the internal non- 
random logic. If the test completes successfully, the 80386 will place 
zeroes in the EAX register. If any other value appears in the register, 
the device has failed the self-test. After the 80386 completes the 
self-test it re-initializes and begins normal operation. 


Testing of the translation lookaside buffer (TLB) is more complex 


than the self-test. The two test registers, TR6 and TR7 store informa- 
tion related to this test. Figure 12-9 shows the test registers in great- 


er detail. 
iy 
Cc 
Zi 
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lo} 


Figure 12-9. 80386 Test Registers 
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Table 12-9 provides descriptions of the bit positions used in these 
registers for testing purposes. TR6 is referred to as a test command 
register while TR7 is the test data register. 


Table 12-9. Test bit Definitions 


NAME 


BIT 
Register TR6 
0 Cc 
1-4 _ 
WwW 
6 w 
7 U 
8 U 
9 D 
10 D 
11 Vv 
12-31 


Register TR7 


DEFINITION 


Command bit — This bit controls writes and lookups 
in the TLB. When this bit is clear (0), a write into 
register TR6 will cause an immediate write into the 
TLB. If this bit is set (1), a write to the TR6 register 
will cause an immediate TLB lookup. 

Reserved bits — Do not use. 

Write bit — If set, this bit allows a write from the 
TLB. 

Write bit — If set, this bit allows writes to the TLB. 
User bit — If set, this bit allows a user to read from 
the TLB. 

User bit — If set, this bit will allow a user to write 
to the TLB. 

Dirty bit — If set, this bit signifies that a TLB read 
has taken place. 

Dirty bit — If set, this bit indicates a TLB write has 
taken place. 

Valid bit — This bit is set if the current entry in 
the TLB was valid. 

Linear address — These bits in register TR6 form 
the tag field for the TLB. Whenever a TLB write 
occurs, a TLB entry is placed in this address space. 
The rest of that entry is set according to the values 
in TR6 and TR7. When a TLB lookup occurs, the 
value in this memory space is compared with the 
TLB entry. If they match, the rest of the fields in 
TR6 and TR7 are set from the matching entry. 


Reserved bits — Do Not Use. 

If this bit is set during a TLB write, the bits in the 
REP field determine which of the four TLB blocks 
will be written to. If the bit is clear, then the pointer 
in the internal paging unit makes this determination. 
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Table 12-9 (continued). Test bit Definitions 


BIT NAME DEFINITION 


4 HT Hit — This bit is used only during a TLB lookup. 
During a read if the bit is set (1), it indicates the 
lookup was a hit. A clear bit indicates a miss. During 
TLB writes this bit must always be set (1). 

5-11 Reserved bits — Do not use. 

12-31 Physical address — These bits form the data field 
for the TLB. When a write occurs to the TLB, the 
entry in the linear address space of TR6 gets set 
to this value. If a TLB lookup occurs, the physical 
address of the entry is read from this area. 


Real Mode 


The processor uses real mode to initialize and start operation on 
power-up. Generally, this mode is most often used to move the 
80386 into protected mode. While in real mode, applications pro- 
grams view the processor as an extremely fast 8086 with a 32-bit 
register set. 


Real mode maintains compatibility with the 80286 by retaining the 
same memory size limitations, memory addressing, and interrupt 
handling procedures as real mode on the 80286. All 80386 program 
instructions are available in this mode except for instructions used 
in the protected model (refer to Appendix A). While in this mode 
the default operand size is 16-bits. Access to the 32-bit register 
set requires the use of override prefixes. Each memory segment 
has a size limit of 64K. Each 64K segment must begin on a 16 
byte boundary. This implies that in this mode a 32-bit effective ad- 
dress cannot exceed a value of FFFFH. 


The limit of available system memory in real mode is 1M. Since 
segments cannot exceed 64K boundaries, the 80386 will generate 
an exception if a data operand or data fetch operation exceeds this 
boundary. The processor supports segment overlapping in real 
mode to minimize program space requirements. Linear addresses 
are the same as physical addresses in this mode. The formation 
of the physical address is accomplished in the same manner as 
with the 8088 or 8086. 
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The processor reserves two regions of memory when operating in 
real mode. The interrupt table is located in the region of OO000H 
through OO3FFH. A 4-byte jump vector is reserved for each of the 
256 possible interrupts. System initialization takes place in the re- 
served area from FFFFFFFOH through FFFFFFFFH. 


Protected Architecture 


In order to adequately understand the protection mechanism em- 
ployed by the 80386 CPU, you must first understand some basic 
concepts as they apply to the 80386. The following sections in- 
troduce these concepts and describe their implementation in the 
hardware of the 80386. 


General Protection Concepts 


One of the most powerful features of the 80386 is its ability to run 
in protected mode. In this mode, the CPU is capable of supporting 
a number of different users, each operating independently of the 
others. Each user interfaces with a limited portion of the computer 
and appears to be the only user on the system. The idea of protec- 
tion is important to ensure that one user’s programs and files do 
not interfere with any other user. 


Descriptors 


One of the primary responsibilities of the 80386 in protected mode 
is efficient memory management. The processor has to maintain 
discrete areas where separate user programs may be operating. 
To allow these areas to overlap one another would tempt disaster 
in the system. 


One method of memory management employed by Intel processors 
is segmentation. Segments serve to isolate one region of memory 
from other regions. In the 80386 an 8-byte data structure, called 
a descriptor, contains information about each segment. The 80386 
uses several different types of descriptors: segment, code, data, 
system, LDT, TSS, and gate. System descriptors are organized into 
tables recognized by the system hardware. 
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The 80386 uses three different types of tables to store descriptor 
information: global, local, and interrupt. Each type of descriptor is 
maintained in a table for the system. A descriptor table can vary 
in size up to a maximum of 64K of memory. This provides enough 
space for 8192 8-byte descriptors per table. Each table has an as- 
sociated register which holds a 32-bit linear base address and a 
16-bit limit for each table. 


The global descriptor table (GDT) contains the descriptors which 
are potentially available to all tasks in the system. The GDT can 
contain any type of a descriptor with the exception of interrupt de- 
scriptors. The GDT generally contains code and data segments, 
which are used by the operating system, and the task state seg- 
ments. The first position of the GDT is not used. This position corres- 
ponds to a null selector which defines a null pointer value. 


The local descriptor table (LDT) contains the descriptors associated 
with a specific task in the system. An LDT can only contain code, 
data, stack, task gate, and call gate descriptors. Normally, an operat- 
ing system will provide an LDT for each task in the system. The 
LDT provides a means of separating the code and data segment 
for an individual task from the rest of the operating system. A task 
cannot access a segment unless the segment descriptor exists in 
the current LDT. 


The interrupt descriptor table (IDT) contains the descriptors that 
point to the system interrupt service routines. The IDT can only 
contain task gates, interrupt gates, and trap gates. To properly ser- 
vice the 80386, the IDT should contain a minimum of 256 bytes 
of space. Each interrupt in the system must have an entry in the 
IDT. 


Each of the above tables is associated with its own register. The 
register names refer to the related table; they are GTDR, LDTR, 
and IDTR. These registers contain the base and limit addresses 
for their respective tables. The information is moved to and from 
these registers by the appropriate 80386 instructions. 
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Segment Access 


The 80386 permits two methods of access to the system memory: 
code accesses and data accesses. In order to determine if a task 
has legal access rights, the 80386 must be able to determine the 
type of segment, the instruction used, the type of descriptor, and 
the CPL and RPL. 


Whenever an instruction loads the DS, ES, FS, or GS registers, 
the 80386 will perform protection validation checks. Selectors loaded 
into these registers must refer to data or readable code segments 
only. The privilege validation check consists of comparing the CPL 
with the EPL. If the EPL is more privileged than the CPL, a general 
protection fault will result. Instructions that load a selector into the 
stack segment must refer to the data segment descriptors to find 
writeable data segments. 


Privilege 


The 80386 employs a multiple-level protection mechanism. The four- 
level hierarchial privilege system employed by the 80386 is similar 
in many respects to the systems used on larger computer systems, 
such as minicomputers. In fact, the common user/supervisor mode 
found on many minicomputers is fully supported by the 80386 when 
in paging mode. The privilege mechanism is the basis for the 
80386’s protection scheme. 


The privilege system in the 80386 provides four separate levels, 
0 through 3. Level 0 is the most privileged level in this system; 
level 3 is the least privileged. In order to access certain system 
resources, the user must have an authorized privilege level equal 
to or greater than the level he wishes to access. This idea can 
be condensed into two general privilege rules that the 80386 follows: 


e  |f data stored in a segment has a privilege level of P, then that 
data may only be accessed by a program with a privilege level 
Asuch that A = P. 
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@ If a program segment or procedure has a privilege level of P, 
then that program/procedure can only be called by a task with 
privilege level B such that B < P. 


In protected mode, each task operating on the 80386 has a privilege 
level associated with it. The privilege level determines what re- 
sources are available to the task within the hardware and the operat- 
ing system environments. 


Privilege Types 


A number of different privilege types are available within the 80386 
system. The different types allow the 80386 to maintain the integrity 
of the operating system environment. The following brief discussion 
identifies these types. 


Task Privilege — The 80386 assigns a current privilege level (CPL) 
to each task in the environment. The CPL can only change when 
the program transfers control to a code segment with a different 
Privilege level. This transfer must occur via a gate descriptor within 
the system. This means that if you have an application program 
executing at a privilege level of 3, it can call an operating system 
procedure with a privilege level of 1. When this happens, the current 
privilege level of the application program will change to 1 until the 
operating system routine finishes execution. 


Selector Privilege — The processor assigns a privilege level to 
each selector in the system. A special field, referred to as the RPL 
field, contains the selector's privilege level. The RPL field consists 
of the two least-significant bits of the selector. The processor uses 
the RPL field value and the CPL of the task to establish an effective 
privilege level (EPL). The definition of the EPL is the least-privileged 
level of the compared CPL and RPL fields. Changes to the RPL 
assignment field are made using the adjust RPL instruction. The 
main purpose of the RPL is to provide a means to verify that a 
pointer passed to an operating system procedure does not access 
data of a higher privilege level than the originating pointer. 
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VO Privilege — The \/O privilege level (IOPL) is a special 2-bit 
field contained within the EFLAG register. This field defines the 
least-privileged level which may perform unconditional I/O instruc- 
tions. In order to have unconditional access to I/O instructions, the 
CPL must be less than or equal to the current IOPL. The IOPL 
has some other tasks in the system as well. 


The IOPL determines whether the CLI or STI instructions can be 
executed by the calling procedure. These instructions are some- 
times called IOPL-sensitive. The IOPL level also determines whether 
or not the IF bit can be changed when loading a value in the EFLAGS 
register. If the level of the CPL is greater than the level of the IOPL, 
then the IF bit will not change when a new value loads in the 
EFLAGS register. 


In order to speed pointer testing and verification of selector values, 
several instructions are provided in the CPU instruction set. The 
ARPL, VERR, VERW, LSL, and LAR instructions (refer to Appendix 
A) help to maintain system integrity by verifying that a given selector 
refers to the appropriate segment. 


Inter-Segment Privilege Transfers 


An inter-segment control transfer occurs whenever a selector is 
loaded into the CS register. Changing a privilege level can only 
happen if the operation which loaded the selector references the 
proper descriptor type. There are five different types of control trans- 
fers in the 80386 system: 


Intersegment within the same privilege level 
Intersegment to the same or higher privilege level 
Intersegment to a lower privilege level 

Call 

Task switch. 
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A change of privilege level can only occur via a control transfer, 
a gate, a task switch, an interrupt, or a trap gate. If the CPL of 
a task changes as a result of a control transfer the 80386 will change 
the system stacks. The original SS:ESP values are retained in a 
special register called the task state segment (TSS). When a jump 
or call transfer executes, the new stack pointer loads into the SS 
and ESP registers. The previous pointer is then stored on the new 
Stack. During a return to the original privilege level, the IRET or 
RET instructions restore the original stack values. If the transfer 
involves a subroutine, a limited number of words of data are copied 
from the previous stack to the current one. The number of words 
copied are in the gate’s word count field. 


Call Gates 


A call gate provides the system with the ability to make protected 
indirect calls. The major purpose of a gate is to provide a method 
of making secure privilege transfers within a task. The operating 
system defines all gates within the system. In this way, the operating 
system can limit access to procedures through the gates. Gates 
can only be accessed by more privileged descriptors. In the same 
way, a gate can only transfer control to a more privileged level. 


Call gates are accessed by a CALL instruction. The syntax used 
for this procedure is the same as a subroutine call. When a call 
gate is activated, the following procedures occur: 

1. Load the CS:EIP from the gate and check validity. 

2. Push SS value, zero-extended to 32-bits, onto stack. 


3. | Push ESP value onto stack. 


4. Copy the 32-bit word count parameters from the old stack to 
the new stack. 


5. Push the return address onto the stack. 


NOTE: The above procedures are the same as on a 80286 based 
system except for the use of 32-bit values instead of 16-bit values. 
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Task Switching 


Task switching is an essential capability in a multi-tasking/multi-user 
operating system. This capability allows the operating system to 
switch between different procedures. The faster the operating sys- 
tem can accomplish this, the better. 


The 80386 enhances this level of performance by providing a special 
task switch instruction within the hardware. When a task switch exe- 
cutes, the 80386 will save the entire machine state, load a new 
execution state, and perform protection checks. This entire proce- 
dure is accomplished in approximately 17 microseconds. 


A program can invoke the task switch operation by using an inter- 
segment JMP or CALL instruction. The instruction must reference 
a task state segment (TSS) or a task gate descriptor within the 
GDT or the LDT. The task switch operation can also be invoked 
by an exception, trap, or external interrupt, provided there is a task 
gate descriptor in the IDT descriptor slot. Figure 12-10 illustrates 
the 80386 task state segment format. 


A TSS descriptor will point to an entire segment of memory contain- 
ing the current 80386 execution state. A task gate descriptor, on 
the other hand, only contains a TSS selector. The TSS for the 80386 
must contain a minimum of 64K of space. Any free space in the 
TSS is available for the operating system to use for the storage 
of additional information. For the sake of compatibility, the 80386 
will also operate with an 80286-style TSS. 
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Figure 12-10. 80386 TSS and TSS Registers 
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The 80386 requires that each task within the system be associated 
with a TSS. The task state segment register (TR) is a special register 
in the 80386 that identifies the current TSS. The TR contains a 
selector which refers to a descriptor that defines the current TSS. 
Whenever the TR loads a new selector, a hidden associated base 
and limit register, illustrated in Figure 12-11, is also loaded. The 
IRET instruction, if properly set, will return control to the interrupted 
task. 


Part of the information the operating system requires about the task 
state resides in the flag register and the machine status word. Bit 
14 in the EFLAGS register (the NT bit) controls the operation of 
the IRET instruction. If this bit is set to a 1, the IRET instruction 
will perform a task switch return, restoring control to the proper task. 
If this bit is set to a 0, IRET will perform a normal return. The machine 
status register (CRO) contains information dealing with the state of 
the coprocessor during a task switch. 


Setting or resetting the NT bit requires a specific procedure. A CALL 
or INT instruction initiates the task switch operation. The 80386 will 
then mark the new TSS as busy and establish a back link field 
in the new TSS to the old TSS selector. The TSS changes to busy 
by changing the descriptor field type from 9H to BH. The NT bit 
in the new TSS is set by CALL- or INT-initiated task switches. If 
an interrupt does not cause a task switch, it will clear the NT bit. 
The 80386 restores the NT bit on completion of the interrupt handler 
execution. 


The 80386 does not automatically save the current state of the co- 
processor during a task switch. The reason for this is that the re- 
quirements of the incoming task are unknown. The incoming task 
may not even use the coprocessor. The 80386 handles this situation 
by setting the TS bit in CRO each time a task switch occurs. The 
80386 will then detect the first use of a coprocessor instruction after 
the task switch. At that point the 80386 will issue a processor exten- 
sion exception. It is then the responsibility of the exception handler 
to determine whether or not to save the state of the coprocessor. 
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Paging 


Paging is one additional method of system memory management 
employed by the 80386. Like the other methods already mentioned, 
paging has applications in the multi-tasking operating system envi- 
ronment. While segmentation methods tend to modularize programs 
or data, paging divides a program into multiple, uniformly sized 
pages. Since most programs exhibit a locality of reference, this is 
advantageous to the programmer. Because of this, only a small 
number of active pages from each task need to be active in memory 
at any given time. Each page frame in the 80386 environment con- 
sists of 4096 bytes of memory. 


Page Descriptor Base Register — Register CR3 is the page direc- 
tory physical base address register. This register contains the phys- 
ical starting address of the page directory. The lower 12 bits all 
contain zeros to ensure that the page directory remains page 
aligned. If a program loads this register by using the MOV CR3,reg 
instruction, the page table entry cache will be flushed. 


Page Directory — Each page directory entry is four bytes long. 
The directory itself contains 4096 bytes, providing enough room for 
1024 entries. Each entry contains the address of the next level of 
tables, the page tables, and related information. Figure 12-11 illus- 
trates the format of a typical page directory entry. Table 12-10 de- 
scribes the table entries themselves. 


12 4) 109 87654352196 
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Figure 12-11. Page Directory Entry Format 
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Table 12-10. Page Directory/Page Table Entries 


BIT 


NAME 


DESCRIPTION 


NN 


0 


3,4 


7,8 


P 


RAW 


U/S 


Present. This bit indicates whether or not an entry 
can be used for address translation. If the bit is 
set (1), it can be used, otherwise it cannot. If the 
entry is not used for address translation, the re- 
maining bits of the entry space become available 
to the system. 


Read/Write. This bit, in conjunction with the U/S 
bit (bit 2), provides a protection attribute for each 
page entry reference. The setting of the R/W and 
U/S bits determines the access level permitted for 
the page. The following table summarizes the per- 
mitted page access levels. 


U/S _R/W_LEVEL3 LEVELS 0, 1,OR 2 


0 0 None Read/Write 
0 1 None Read/Write 
1 0 Read-Only Read/Write 
1 41 Read/Write Read/Write 


User/Supervisor. Refer to the description of bit 1. 
Reserved. Do not use these bits. 


Accessed. The 80386 sets this bit prior to read or 
write accesses to the referenced entry. If a software 
program modifies this bit, it should use the LOCK 
prefix to make sure the page retains its integrity. 


Dirty. The 80386 sets this bit prior to a write to the 
referenced page table entry. This bit is undefined 
for page directory entries. If a software program 
modifies this bit, it should use the LOCK prefix to 
make sure the page retains its integrity. 


Reserved. Do not use these bits. 
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Table 12-10 (continued). Page Directory/Page Table Entries 
ee 


BIT NAME DESCRIPTION 
eee 
9-11 —_— OS reserved. These bits are reserved for use by 


the operating system. One example would be to 
use this area to record page aging. By knowing how 
long a page has resided in memory, a least recently 
used replacement algorithm could be implemented. 


12-31 —_ These bits are where address information for the 
entry is stored. For a page directory, this area is 
the page table address. For a page table, the page 
frame address is available here. 

-_-_ ees 


Page Table — The page table is the next level of information below 
the page directory. The page table also contains 4096 bytes of data 
Space. This provides sufficient room for 1024 table entries since 
each entry consist of four bytes. The format for the page table entry 
is identical to the page directory entry format. The page table entry 
contains the starting address of the page frame and information 
concerning the page. 


Translation Lookaside Buffer 


The translation lookaside buffer (TLB) is a hardware implemented, 
four-way, set associative, 32-entry, page table cache. This feature 
was added to the 80386 as an aid to support demand paged virtual 
memory systems. The cache helps to prevent performance degrada- 
tion by removing the requirement that the 80386 access two levels 
of tables for each memory reference. Instead, the TLB maintains 
information on the most recently accessed page table entries. Since 
the TLB can hold 32 entries, and each page contains 4K, the TLB 
can cover 128K of memory addresses. This will normally translate 
into a 98% hit rate in the average multi-tasking system. The TLB 
Operates in conjunction with the 80386's paging mechanism. 
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Whenever the paging hardware is active, the segmentation unit pas- 
ses a 32-bit linear address to the paging unit. The paging unit com- 
pares the upper 20 bits with all entries in the TLB. If one entry 
matches, referred to as a TLB hit, then the 32-bit physical address 
is calculated and placed on the address bus. 


If, on the other hand, the entry is not in the TLB, then the 80386 
reads the appropriate page directory entry. If the P bit in the page 
directory entry is set (1), it indicates that the appropriate page table 
is in memory. The 80386 then reads the entry and sets the access 
bit. If the P bit is set (1) in the page table entry, indicating that 
it is also in memory, then the 80386 will update the access and 
dirty bits and fetch the operand. The 80386 then stores the upper 
20 bits of the linear address in the TLB for future access. 


If the P bit is clear (0) in the page table entry or the page directory 
entry, then the processor generates a page fault. A page fault could 
also be generated if a memory reference violated the page protec- 
tion attributes. If a page fault occurs, the CS:EIP register will point 
to the instruction causing the error and a 16-bit error code will be 
placed on the stack by the page fault handler. The operating system 
uses the error code to try to determine how to handle the page 
fault error. 


Only three bits in the error code are used to provide information 
concerning the error. Table 12-11 describes these bits and the func- 
tions that they perform. 


Table 12-11. Page Fault Error Code Bits 


a a a 


BIT NAME FUNCTION 

a 

0 P Page present. If this bit is set (1), the error was 
caused by a page protection violation. If the bit is 
clear, the error resulted from attempted access to 
a not present page. 


1 W/R Write/Read. If the bit is set, the access that caused 
the error was a write. Otherwise the error resulted 
from a read access. These bits work in conjunction 
with the U/S bit. 
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Table 12-11 (continued). Page Fault Error Code Bits 
a ee a 


BIT NAME FUNCTION 
-_ SSS 
2 U/S User/Supervisor. If the bit is set, the processor was 


in user mode when the access fault occurred. If 
the bit is clear, then it was in supervisor mode. The 
following table correlates the bit pattern with the 
function. 


U/S W/R_TYPE OF ACCESS 


0 Supervisor Read 
0 1 Supervisor Write 
1 0 User read 
1 1 User write 


NOTE: The remaining bits in the 16-bit error code are undefined and should 
not be used. 


ee 


Descriptor Attributes 


Each descriptor in the 80386 consists of eight bytes. The descriptor 
contains the attributes which describe the segment in memory. The 
attributes contained in the descriptor are: 


The 32-bit base linear address of the segment, 
The 20-bit segment length, 

A 1-bit granularity field, 

The segment protection level, 

The segment read, write, and execute privileges, 
The segment default operand size, 

The segment type. 
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Figure 12-12 illustrates the general layout of the segment descriptor. 
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Figure 12-12. Segment Descriptor Format 


The first two bytes of the descriptor are the first 16 bits (0 — 15) 
of the 20-bit segment length. The remaining four bits (16 - 19) are 
the first four bits of the seventh byte of the descriptor. In a similar 
fashion the 32-bit segment address information resides within sev- 


‘eral bytes in the descriptor. The second and third bytes of the de- 


scriptor contain the first 16 bits (0 — 15) of the segment address. 
Bits 16 through 23 of the segment address are in the fifth byte 
of the descriptor. The remaining eight bits (24 — 31) are in the last 
byte of the descriptor. Each of the descriptor types within the 80386 
vary this general format to meet the requirements of their specific 
descriptor class. 


Whenever a descriptor is accessed by the 80386, the A (access) 
bit is set. The G bit is the granularity bit. This bit specifies whether 
a segment is byte-granular or page-granular. If the granularity bit 
is set (1), the segment is page-granular. The maximum size of a 
page-granular segment is four gigabytes with each page consisting 
of 4K. If the bit is clear (0), the segment is byte-granular. The 
maximum size of this type of segment is one megabyte. 


The D bit determines the default length for operands and effective 
addresses. If this bit is set (1), the default length is 32-bits. If the 
bit is clear (0), the default length is 16-bits. 


The DPL field is the individual descriptor privilege level field. These 
two bytes describe the descriptor privilege level from 0 — 3. The 
P bit is the present bit. If this bit is set (1), the segment exists 
in physical memory. If a program attempts to access a segment 
that is not present, the processor will generate a not present excep- 
tion. 
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The 80386 recognizes two categories of segments: system and non- 
system. A system segment contains information pertaining to the 
operating system. A non-system segment contains code and data 
only. The system uses the S bit to determine what type of segment 
it is dealing with. If the S bit is set (1), then the segment is either 
a code or a data segment. A cleared bit indicates a system segment. 


Code and Data Descriptors 


Code and data descriptors follow the same general format as illustra- 
ted in Figure 12-12. The primary difference between the two formats 
is the use of an access rights byte in the code and data descriptors. 
The access rights byte contains information describing the segment 
privilege level, access mode, read and write privileges, and whether 
or not the segment is code or data. Figure 12-13 is an illustration 
of the descriptor format for the code and data descriptors. Table 
12-12 describes the bit definitions used in the access rights byte 
of the descriptor. 


31 


| 
TEE 


Reprinted by permission of Intel Corporation, Copyright 1987 
Figure 12-13. Code and Data Descriptor Format 


Table 12-12. Access Rights Byte Bit Definitions 


BIT NAME DESCRIPTION 


0 A Accessed. The system uses this bit to determine 
whether or not a segment is present in memory. 
If the bit is set (1), then the segment is present 
in memory. If the bit is clear (0), the segment has 
not been accessed. 
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Table 12-12 (continued). Access Rights Byte Bit Definitions 


BIT NAME 


DESCRIPTION 


CODE SEGMENT (see note) 


1 R 


Readable. If this bit is set, the code segment may 
be read by the program. If the bit is clear, it can 
not. 


Conforming. When this bit is set, the code segment 
may only be executed when the CPL is greater than 
or equal to the DPL. The CPL must remain un- 
changed. Segments that conform may be executed 
by programs with different privilege levels. 


Executable. The system uses this bit to determine 
if the segment is a code segment or a data seg- 
ment. If the bit is clear, it is a code segment. 


DATA SEGMENT (see note) 


1 Ww 


2 ED 


Writeable. If this bit is set, the data segment may 
be written to. If the bit is clear, it can not. 


Expansion direction. This bit determines in which 
direction the segment will expand in memory. If the 
bit is clear the segment will expand upward in mem- 
ory and offsets must be less than or equal to the 
limit. (Upward expansion indicates a data segment.) 
If the bit is set, the segment will expand downward 
in memory. (Downward expansion indicates a stack 
segment) In this case the offsets must be greater 
than the limit. 


Executable. The system uses this bit to determine 
if the segment is a code segment or a data seg- 
ment. If the bit is clear, itis a data segment. 


Segment descriptor. The system uses this bit to de- 
termine if the descriptor is code, data, or system. 
If this bit is set, the descriptor is a code or a data 
descriptor. If the bit is clear, the descriptor is a sys- 
tem or a gate descriptor. 
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Table 12-12 (continued). Access Rights Byte Bit Definitions 


BIT NAME DESCRIPTION 


5-6 DPL Descriptor privilege level. These two bits determine 
the privilege level of the descriptor. 


6 P Present. This bit determines if the segment is 
mapped into the physical memory. If the bit is set, 
the segment exists in memory. 


NOTE: These three bits have different functions in the code descriptor and 
the data descriptor. The remaining bits function the same with either type. 


System Segment Descriptors. 


The 80386 recognizes 12 different types of system segment descrip- 
tors. These descriptors provide information about operating system 
tables, tasks, and gates. Figure 12-14 illustrates the general form 
of the system segment descriptor. Table 12-13 lists the types of 
system segments that may appear in the descriptor type block. 
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Figure 12-14. System Segment Descriptor Format 
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Table 12-13. System Segment Type 


TYPE SEGMENT DEFINED AS 
0000 Invalid 

0001 Available 286 TSS 
0010 LDT 

0011 Busy 286 TSS 

0100 286 call gate 

0101 Task gate (286 or 386) 
0110 286 interrupt gate 
0111 286 trap gate 

1000 Invalid 

1001 Available 386 TSS 
1010 Undefined 

4011 Busy 386 TSS 

1100 386 call gate 

1101 Undefined 

1110 386 interrupt gate 
4111 386 trap gate 


i ee LEE EEE ESSERE 


A 80386 system descriptor contains a 32-bit base linear address 
and a 20-bit segment limit. This differs from the 80286 system de- 
scriptor which contains a 24-bit base address and a 16-bit limit. 
This means that an 80386 descriptor can be easily identified. The 
upper 16-bits of the descriptor will all be zeros. 


The following material describes the different classes of system seg- 
ment descriptors. 


LDT — The LDT descriptor contains information about the local 
descriptor tables. These descriptors are only allowed in the global 
descriptor table. The DPL field is ignored due to the fact that the 
load instruction is only available in privilege level 0. 


TSS — This descriptor contains information about the location, size, 
and privilege level of a task state segment. The TSS itself is a special 
segment that contains all state information for a task. It also contains 
a linkage field to permit the nesting of tasks. 
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Gate — Gates control access to entry points within the target code 
segment. There are four different types of gates: call, task, trap, 
and interrupt. This mixture allows the programmer to control the 
entry points to the operating system. Call gates are used to change 
privilege levels, task gates to perform a task switch, and interrupt 
and trap gates to specify interrupt service routines. Gate descriptors 
use a slightly modified format, as illustrated in Figure 12-15. 


31 24 16 8 is) (e) 
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Figure 12-15. Gate Descriptor Format 


A program generally uses a call gate to transfer control to a higher 
privilege level. The descriptor used in this process consists of three 
distinct fields. The three fields are an access byte, a long pointer 
(consisting of a destination selector and offset), and a word count. 
The pointer points to the start of a routine and the word count indi- 
cates how many parameters to copy from the calling program stack 
to the called routine’s stack. The word count field is only used if 
there is a change of privilege level; otherwise it is ignored. 


A task gate only uses the selector portion of the descriptor. Since 
task gates are only used to switch tasks, they may only refer to 
the TSS. That is why only the selector is used. 


Trap gates handle the selector and offset in a different manner. 
In a trap gate the selector and offset form a pointer. The pointer 
indicates the beginning of the interrupt or trap service routines. The 
main difference between a trap gate and an interrupt gate is that 
the interrupt gate disables interrupts. The trap gate does not disable 
interrupts. 


To improve processing throughput, a special system descriptor 
cache is provided within the 80386. Each segment register has an 
associated segment descriptor cache register. Whenever a segment 
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register's contents change, the 8-byte descriptor associated with 
the selector is cached. Thereafter, each reference to that segment 
comes from the cache instead of the descriptor. The contents of 
the descriptor cache is not accessible to the programmer. 


NOTE: The contents of the descriptor cache only changes when 
a segment register is changed. If a program modifies a descriptor 
table, it must also reload the appropriate registers after changing 
the descriptor’s value. 


Memory Addressing 


In protected mode, the 80386 uses a method similar to that used 
in real mode to determine physical addresses. The system uses 
a 16-bit selector to determine the linear base address of the seg- 
ment. The base address is then added to a 32-bit effective address 
to form a 32-bit linear address. If the paging mode is enabled, the 
paging unit maps the 32-bit linear address into the memory space. 
Otherwise, the 32-bit linear address becomes the 32-bit physical 
address. The difference between real mode and protected mode 
is in how the base address is determined. Figure 12-16 illustrates 
the addressing mechanism used in protected mode. 
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Figure 12-16. Protected Mode Addressing 
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While in protected mode, the selector specifies an index into a table 
defined by the operating system. The table contains the 32-bit base 
address of the desired segment. The physical address is then 
formed by adding the base address contained in the table to the 
Offset. 


Protected Mode Initialization 


The 80386 always begins operation immediately after a reset in 
real mode. Because of this, certain registers must be initialized in 
order to change into protected mode. Figure 12-17 illustrates a sim- 
ple protected system while Figure 12-18 shows the descriptors for 
this system. 
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Figure 12-17. Protected System Model 
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Figure 12-18. GDT Descriptors 


The GDT and IDT registers must be initialized prior to transition 
to protected mode. Both registers must refer to a valid table of the 
appropriate type. In addition, the IDT must be at least 256 bytes 
long and the GDT must contain the descriptors for the initial code 
and data segments. Transition to protected mode occurs using one 
of two methods. 


The first method requires three steps: 


1. Load CRO with the PE bit set, via the MOV CRO, R/M instruc- 
tion. (This places the processor in protected mode.) 


2. Perform an intersegment jump to load the CS register and 
flush the decode queue. 


3. Load all data segment registers with initial selector values. 

The second method is more appropriate for multi-tasking operating 
systems. This method uses the built-in task switch to load all regis- 
ters. The procedure is as follows: 


1. Load CRO with the PE bit set, via the MOV CRO, R/M instruc- 
tion. (This places the processor in protected mode.) 


2. Perform a jump to the TSS. (This will cause a task switch 
and load all registers with values stored in the TSS) 
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Using this method the GDT should contain two TSS descriptors 
in addition to the code and data data descriptors required for the 
first task. The TSS register must be initialized to point to a valid 
TSS descriptor. 


Virtual 8086 Mode 


Virtual 8086 mode is an extension of the 80386’s protected mode 
environment. In this mode the 80386 permits the execution of 8086- 
based programs as in real mode, but with more flexibility. While 
in this mode it is possible to run an 8086 application and operating 
system, an 80386 operating system, and an 80386 application with 
its operating system simultaneously. In a multi-user environment, 
this can provide a great deal of responsiveness to user needs. 


Virtual Mode Addressing 


In virtual mode, memory address calculations are performed in the 
Same manner as in real mode. The contents of the segment register 
is added to the offset after first being shifted left four bits. The result- 
ing value is the base linear address. 


The 80386 also allows the operating system to determine, on a 
per task basis, how a program will access memory. Any program 
can access memory by using the 8086 address mechanism or the 
protected mode addressing mechanism. 


In virtual mode each program is allowed access to a memory area 
of 1 megabyte. This memory area can be mapped anywhere within 
the allowable address space of the 80386. In virtual mode, as in 
real mode, if a program's effective address exceeds 64K, the 80386 
will generate an exception. 


Paging 


It is not required to activate the paging hardware while operating 
in the virtual mode. However, it is recommended, since paging does 
provide some protection and operating system isolation. Paging 
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should be used whenever there are multiple virtual mode tasks 
executing. Paging must be used to relocate the address space of 
a virtual mode task above the 1 megabyte boundary. 


The paging hardware within the 80386 permits a 20-bit linear ad- 
dress, produced by a virtual mode program, to be divided into 256 
distinct pages. Each page may be located anywhere within the allow- 
able address space of the 80386. Since the page directory base 
register (CR3) is loaded by a task switch, a virtual mode task can 
use different mapping schemes. The paging hardware also allows 
multiple applications to share 8086 operating system code. 


Protection and I/O Permission 


Each program running in virtual mode is assigned a privilege level 
of 3. If a program attempts to execute a privileged instruction while 
in virtual mode, the processor will generate an exception. This differs 
from real mode since all programs in real mode execute at a privilege 
level of zero. The following instructions are considered privileged 
and may only be executed at privilege level 0: 


LIDT; MOVDRnh,reg; MOVreg,DRn 
LGDT; MOVTRn,reg; MOVreg,TRn 
LMSW; MOVCRnh,reg; MOVreg,CRn 
CLTS; 

HLT; 


The following instructions are only available in protected mode: 


LTR; LLDT; LAR; LSL; 
ARPL; STR; SLDT; VERR; 
VERW; 


The following instructions are IOPL-sensitive in protected mode: 


IN; OUT; INS; OUTS; 
REP INS: REPOUTS; STI; CLI; 
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In virtual 8086 mode, the processor uses a slightly different set of 
IOPL sensitive instructions. These instructions are: 


INT n; PUSHF; POPF; STI; 
CLI; IRET; 


Note that several I/O instructions (IN, OUT, INS, OUTS, REP INS, 
and REP OUTS) are not IOPL-sensitive while in virtual 8086 mode. 
While in this mode the 1/O instructions become sensitive to a struc- 
ture within the TSS called an I/O permission bit map. 


The I/O permission bit map can be thought of as a bit string, ranging 
in size from 0 — 64 kilobits. The string is located in the current 
TSS at an offset referred to as bit map offset. The location of this 
offset must be such that the bit string does not exceed a value 
of DFFFH. This way, the entire bit map, and the byte which follows 
it, can be located in a space that is offset less than FFFFH from 
the TSS base. (Refer to the illustration of the system TSS in Figure 
12-10.) Figure 12-19 illustrates an example of a typical I/O permis- 
sion bit map found in the TSS. 
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Figure 12-19. I/O Permission Bit Map 


Each bit in the I/O permission bit map corresponds with an 8-bit 
system I/O port. If the bit for the respective port is set to 0, the 
system will permit /O with that port. Since each I/O port must be 
protectable, all bits corresponding to a word or dword port must 
be set to zero before I/O will be permitted with that port. If they 
are not, the processor will generate an exception error. 
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The bit map can generally be located anywhere within the TSS pro- 
vided the guideline values stated earlier are observed. If the bit 
map is placed beyond the limit of the TSS segment, in other words 
ignored, then an additional 8K of memory normally used for the 
bit map would be freed for the system. ; 


NOTE: The last byte of information in the I/O permission bit map 
must contain all 1s. This byte must exist within the limit of the defined 
TSS segment. 


Interrupts 


Interrupt handling in virtual 8086 mode is more complicated than 
in the real or protected modes discussed earlier. In virtual 8086 
mode all generated interrupts and exceptions require a privilege 
change back to the 80386 operating system level. The 80386 operat- 
ing system then handles the interrupt or exception and returns con- 
trol to the 8086 program. 


The 80386 operating system can determine whether the interrupt 
came from a protected mode or a virtual mode program by examin- 
ing the VM bit in the EFLAGS register. If a virtual mode program 
is interrupted, this bit will be cleared (0). However, in either case, 
the VM bit in the EFLAG image on the stack will remain unchanged. 


Using this interrupt method, the 80386 can provide a totally transpar- 
ent 8086 environment for an 8086 application. It does this by inter- 
cepting, and then emulating, 8086 operating system calls and IN 
and OUT instructions. 
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Virtual Mode Transitions 


There are basically two available methods used by the 80386 to 
enter virtual 8086 mode. The first method requires that the 80386 
already be in protected mode. To enter virtual mode by this method, 
switch to a task with a 386 TSS that has the VM bit in the EFLAGS 
image set to 1. To enter using the second method, execute a 32-bit 
IRET instruction at privilege level O with the VM bit set to 1 in the 
EFLAGS image. 


The instruction set of the 80386 makes it appear that other methods 
of entry are possible, but that is not the case. For example, the 
POPF instruction does not affect the VM bit even if the processor 
is already in protected mode or privilege level 0. PUSHF, on the 
other hand, always pushes a 0 in the VM bit, even if the processor 
is already in virtual 8086 mode. Once it does that, it is impossible 
for the program to tell if it is executing in real or virtual mode. 


The transition out of virtual 8086 mode returns to the 80386 pro- 
tected mode. This can occur only when the processor receives an 
interrupt or an exception while executing in virtual 8086 mode. In 
virtual 8086 mode all interrupts and exceptions are vectored through 
the protected mode IDT and end up in an interrupt handler in the 
protected mode. This means that performing a task switch or an 
interrupt will exit virtual 8086 mode. During this process the VM 
bit is cleared. 


if an interrupt or a trap gate is used to handle an interrupt or excep- 
tion from virtual 8086 mode, a matching IRET must be executed 
at privilege level 0. The gate must perform an inter-level interrupt 
only to level 0. 


The following material provides a general sequence of steps to illus- 
trate the method used to exit virtual 8086 mode via an interrupt 
and to return to the interrupted program. The first sequence of steps 
covers the exit procedure to the interrupt handler while the second 
covers the return to the program. 
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To exit from virtual 8086 mode via interrupt gate: 


1. 


Save the FLAGS register and turn off the VM and TF bits. 
If the interrupt is serviced by an interrupt gate, turn off the 
IF bit. 


Switch from the virtual stack to the TSS level 0 stack. Save 
the virtual 8086 mode SS and ESP registers. 


Push the 8086 register values onto the new stack in the follow- 
ing order: GS, FS, DS, ES. Push these values as 32-bit quan- 
tities with the upper 16-bits undefined. Load all four registers 
with null selectors (0). 


Push the old 8086 stack pointer onto the new stack (push 
it as 32-bits with the high 16-bits undefined), and then push 
the 32-bit EIP register saved earlier. 


Push the 32-bit flag register saved in step 1. 

Push the old 8086 instruction pointer onto the new stack. Do 
this by pushing the CS register (32-bits, high 16 bits unde- 
fined), followed by the 32-bit EIP register. 


Load the new CS:EIP value from the interrupt gate and begin 
execution of the interrupt routine in protected mode. 


To return to the interrupted program: 


1. 


First, check the value of the NT bit in the FLAGS register. 
If this bit is on, an interrupt task is performed. The current 
state is stored in the current TSS and the link field in the current 
TSS is used to locate the TSS for the interrupted task you 
wish to resume. Otherwise, continue as follows: 


Read the value of the FLAGS image from SS:8[ESP] into the 
FLAGS register. (This restores the VM bit.) 
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3. Pop the instruction pointer CS:EIP. Pop EIP first, and then 
the 32-bit word containing CS. CS is contained in the lower 
16 bits of this word. (If VM=0, this is a protected mode seg- 
ment load; if VM = 1, itis an 8086 segment load.) 


4. Increment the ESP register by 4. (This bypasses the FLAGS 
image from step 1.) 


5. If VM=1, load registers ES, DS, FS, and GS respectively 
from memory locations SS:[ESP + 8], SS:[ESP + 12], 
SS:[ESP + 16], and SS:[ESP + 20]. (These are 8086 segment 
loads.) Otherwise, check that the ES, DS, FS, and GS selec- 


tors are valid in the interrupted routine. Null out any invalid 
selectors. 


6. If RPL(CS) > CPL, pop the stack pointer SS:ESP from the 
stack. Pop the ESP register first, then the 32-bits containing 
SS. The lower 16-bits contain the value of SS. (IF VM=1, 
load as a protected mode segment register load, if VM=O, 
load as an 8086 segment register.) 


7. Resume execution of the interrupted program. (The value of 
the VM bit determines whether the processor resumes in pro- 
tected mode, or virtual 8086 mode.) 


80386 Pinouts 


Figure 12-20 illustrates the locations of the various signal pins on 
the 80386 processor package. The figure includes both a top and 
a bottom view of the processor. This pinout is referred to as a pin 


grid array (PGA) package and is used because of the high signal 
density of this device. 
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Tables 12-14 and 12-15 list the signals available within the 80386. 
Table 12-14 lists the signals in alphabetical order. Table 12-15, on 
the other hand, lists the signals by the pin numbers in Figure 12-20. 
You can locate a specific pin by intersecting the row and the column 
guide numbers in column and row order. 


Table 12-14. Device Pinout Grouped by Function 


SIGNAL PIN |SIGNAL PIN |SIGNAL 


SIGNAL PIN 
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Table 12-15. Device Pinout Grouped by Function 


SIGNAL PIN SIGNAL PIN SIGNAL PIN SIGNAL PIN 


M10 
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Signal Descriptions 


The following material describes the 80386 signal lines referred to 
in the previous two tables. The signals have been grouped according 
to function for easier identification. 


Bus Signals 


Data Bus (D0 — D31) — These 32 signal lines are the three-state 
bidirectional data bus. This bus serves as the general purpose data 
path between the 80836 and other system components. Data bus 
inputs and outputs maintain a set (1) condition when in the high 
logic state. 


Address Bus (A2 — A31, BEO — BE3) — The 30 three-state address 
lines, along with the four byte enable lines, are the address bus 
for the 80386. This system is slightly different from the more familiar 
address organization. The byte enable lines are used to directly 
indicate which bytes of the 32-bit data bus are involved in the current 
transfer. This scheme can best be seen in the following list: 


If BEO is asserted, then DO — D7 are transferred 

If BE1 is asserted, then D8 — D15 are transferred 
If BE2 is asserted, then D16 — D23 are transferred 
If BE3 is asserted, then D24 — D311 are transferred 


The byte enable lines can also be combined to generate the more 
familiar AO and A1 signals in this computer. Table 12-16 illustrates 
this signal generation scheme. 
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Table 12-16. AO, A1 Address Line Generation 


Al AO BE3 BE2 BE1 BEO 


a=300 
“~o-0 
ox x 
“Ox x 
—-A0o%x 
=2-30 


NOTE: x represents a “don’t care” condition 


If the current memory write cycle or I/O write cycle transfers an 
operand that occupies only the upper 16 bits of the data bus, dupli- 
cate data is simultaneously presented on the corresponding lower 
16 bits of the bus. The data duplication pattern depends on the 
byte enable lines. Table 12-17 illustrates this process. 


Table 12-17. Data Duplication as a Function of the Byte 
Enable Lines 


WRITE DATA DUPLICATION BYTE ENABLE LINE STATUS 
DO-D7 D8-—D15 D16—D23 D24-—D31 BEO BE1 BE2 BE3 


A _ _ _ 0 1 1 1 
_ B _ _— 1 0 1 1 
Cc _ Cc _ 1 1 0 1 
_ D —_ D 1 1 1 0 
A B _ _ 0 0 1 1 
_ B Cc _ 1 0 0 1 
Cc D Cc D 1 1 0 0 
A B Cc _ 0 (0) 0 1 
_ B Cc D 1 fe) 0 0 
A B Cc D 0 0 0 0 
NOTES: 

A_ = logical write data DO —- D7 

B= logical write data D8 -D15 

C = logical write data D16 —D23 

D = logical write data D24—D31 

1 = high logic level 

0 = lowlogic level 


undefined condition 


Page 12-64 
The CPU 


Bus Arbitration 


Bus Hold Request (HOLD) — When this signal is active, a device 
other than the 80386 is requesting bus control. As long as another 
device retains bus control this signal will remain high. If RESET 
is asserted while HOLD is asserted, RESET has priority and will 
place the bus in an idle state. 


Bus Hold Acknowledge (HLDA) — When this signal is active, the 
80386 has acknowledged the HOLD request and released control 
of the bus. When HLDA is asserted, the 80386 places all output 
or bidirectional signals (DO — D31, A2 — A31, BEO — BE3, W/R, 
D/C, M/IO, LOCK, and ADS) in a high-impedance state. 


Bus Cycle Definition 

The three primary bus cycle definition signals (W/R, D/C, and M/IO) 
are valid when the ADS signal is asserted. The relationship of these 
signals to the bus cycle definition is shown in Table 12-18. 
Write/Read (W/R) — This signal defines the read or write cycle. 
Data/Control (D/C) — This signal defines a data or control cycle. 


Memory/IO (M/IO) — This signal defines memory and I/O cycles. 


Locked (LOCK) — This signal determines whether or not the cur- 
rent bus cycle is locked. 


Table 12-18. Bus Cycle Definition 


M/lO D/C W/R BUS CYCLE TYPE 
0 0 0 Interrupt acknowledge 
0 0 1 Does not occur (see note) 
0 1 0 V/O data read 
0 1 1 V/O data write 
1 0 0 Memory code read 
1 0 1 Shutdown: Halt: 
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Table 12-18 (continued). Bus Cycle Definition 


M/O D/C W/R = BUS CYCLE TYPE 
1 1 0 Memory data read 
1 1 1 Memory data write 


NOTE: This condition will occur during idle bus states when ADS is not 
asserted. 


Bus Control 


Address Status (ADS) — An active condition on this signal indi- 
cates that a valid bus cycle definition and address is present on 
the 80386 pins. 


Transfer Acknowledge (READY) — This signal indicates that the 
current bus cycle is complete and active bytes indicated by BEO 
— BE3 and BS16 are accepted or provided. This signal is ignored 
on the first bus state of all bus cycles. Thereafter the signal is sam- 
pled each bus state until asserted. 


Next Address Request (NA) — When this signal is asserted, the 
80386 is ready to accept new data from the address and control 
lines even if the current cycle is not complete. This signal requests 
address pipelining. 


Bus Size (BS16) — When this signal is active the 80386 will only 
use the low-order half (DO — D15) of the data bus. If the operand 
is larger than 16 bits, the 80386 will automatically perform another 
16-bit bus cycle. If BE2 or BE3 are asserted during a bus cycle 
and BS16 is also asserted, then the 80386 will adjust to correctly 
transfer data to the full 32-bit bus. 


Page 12-66 
The CPU 


Coprocessor Interface 


Coprocessor Request (PEREQ) — When this signal is asserted, 


the coprocessor is requesting that the 80386 transfer a data operand 
to or from memory. 


Coprocessor Busy (BUSY) — If this signal is active, the coproces- 
sor is still executing an instruction. FNINIT and FNCLEX can execute 
even if BUSY is active. These instructions are used by the coproces- 
Sor for initialization and exception clearing. If BUSY is sampled low 
at the falling edge of reset, then the 80386 will perform an internal 
self-test. 


Coprocessor Error (ERROR) — When active, this signal indicates 
that the previous coprocessor instruction generated a coprocessor 
error that is not masked by the coprocessor’s control register. The 
80386 will generate an exception 7 to access error handling software 
when it encounters this condition. This signal may also be used 
to determine if an 80387 is present in the system. If ERROR is 
low no later than 20 CLK2 periods after the falling edge of RESET 
and remains low until the 80386 begins its first bus cycle, then an 
80387 is presumed to be present. 


Interrupt Signals 


Maskable Interrupt Request (INTR) — If active, this signal indi- 
cates a request for interrupt service which can be masked by the 
80386 IF bit. When the 80386 responds to this request, it will perform 
two interrupt acknowledge bus cycles. At the end of the second 
cycle the 80386 will place an 8-bit vector on the DO — D7 data 
lines to indicate the source of the interrupt. 


Non-Maskable Interrupt Request (NMI) — This signal indicates 
an interrupt service request which cannot be masked by software. 
The 80386 does not use interrupt acknowledge signals when proc- 
essing an NMI. Once processing on an NMI has started, no further 
NMls will be processed until the next IRET instruction. 


Miscellaneous 
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Clock (CLK2) — This signal provides the basic timing for the 80386. 
The 80386 divides this signal internally to generate the internal 
processor clock used for instruction execution. Figure 12-21 illustra- 


tes the timing of these signals. 


PROCESSOR CLOCK 


PERIOD 


CLK2 PERIOD 
#1 


INTERNAL 80386 
PROCESSOR CLOCK 


CLK2 PERIOD 


Figure 12-21. Processor Timing Relationships 


Reset (RESET) — This signal suspends all processor operations 
and places the 80386 in a known reset state. When this signal is 
active, all other input pins are ignored and all other bus pins are 


driven to an idle state. 


Chapter 13 
Coprocessors 


This chapter provides information on programmer accessible fea- 
tures of the Intel 80287 and 80387 numeric processor extensions 
(coprocessors). If you require more detailed information concerning 
these devices, refer to the manufacturer's data sheets. (Refer to 
Chapter 1 for a list of related publications.) 


The 80287 and the 80387 are often referred to as coprocessors. 
These devices extend and enhance the performance of the system 
CPU. This is accomplished by allowing the coprocessor to essen- 
tially operate in parallel with the CPU. The coprocessors provide 
additional instructions and perform dedicated mathematical process- 
ing tasks. 


80287 


The 80287 coprocessor (model Z-416-2) is one of two possible co- 
processor options that you may install in this computer system. Only 
one of these two optional devices can be in use in the machine 
at any time. Depending on which device is in use, some configura- 
tion settings may require alteration for correct operation of the co- 
processor. Refer to Chapter 4 for details on system configuration. 


The 80287 was designed as a complimentary device for the 80286 
series of microprocessors. The 80287 operates as an extension of 
the system CPU for 80286-based and 80386-based systems, provid- 
ing over 50 additional instructions to the existing CPU instruction 
set (Refer to Appendix B). Some of the more noteworthy features 
of this device include: 


e 80-bit internal architecture 

e Support for the IEEE 754 Floating Point Standard 

e Support for multiple data formats (32-, 64-, and 80-bit floating 
point; 32-, and 64-bit integers; and 18 digit BCD data) 

@ 8087 object code compatibility. 
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This device greatly increases processing speed for certain types 
of numeric calculations, thereby increasing overall system 
throughput. 


Architecture 


Figure 13-1 is a block diagram of the 80287 coprocessor. Refer 
to this illustration while reading the following material. 
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Figure 13-1. 80287 Block Diagram 


The internal organization of the 80287 consists of the bus interface 
unit (BIU) and the numeric execution unit (NEU). These two units 
perform all processor operations. 
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Bus Interface Unit 


The bus interface unit (BIU) receives and decodes instructions, exe- 
cutes the processor control instructions, and requests operand 
transfers to and from memory. Each time the CPU encounters an 
80287 command, it transmits the instruction to the 80287 for the 
BIU to decode. If this code is a math instruction, the BIU transfers 
the information to the NEU. If the code is a control instruction, the 
BIU executes it independently of the NEU. The BIU also generates 


the BUSY and ERROR signals used by the CPU. 


The status word reports the overall state of the 80287 in a 16-bit 
word. Table 13-1 describes the bits for this word. Figure 13-2 is 
a representation of the status word format within the 80287. 


15 ie} 
Pepe [ros] [e] oo] Pere] ve [oe [ze [eee] 


Figure 13-2. 80287 Status Word Format 


Table 13-1. 80287 Status Word Bit Definitions 


BIT NAME DESCRIPTION 

0 IE Invalid operation — stack overflow or underflow, in- 
determinate form, or use of a non-number as an 
operand. 

1 DE Denormalized operand — an operand with the 
smallest exponent, but a non-zero significand. 

2 ZE Zero divide — the dividend is a non-infinite, non- 
zero number while the divisor is zero. 

3 OE Overflow — the magnitude of the operation result 
is too large for the specified format. 

4 UE Underflow — the operation result is non-zero but 
too small to fit the specified format. 

5 PE Precision — is not possible to correctly represent 
the result in the specified format. The result is 
rounded. 

6 _ Reserved — do not use. 
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Table 13-1 (continued). 80287 Status Word Bit Definitions 
ee! 


BIT NAME DESCRIPTION 
ee 
7 ES Error summary status — this bit is set if any un- 


masked exception bit is set. 
8-10, CO-C2 Condition codes — report the condition of the oper- 


14 C3 ation. Refer to Table 13-2 for the interpretation of 
these codes. 
11-13 TOS Top of stack — these three bits define the current 


top of stack according to the following arrangement: 


000 = Register 0 current TOS 
001 = Register 1 current TOS 
010 = Register 2 current TOS 
011 = Register 3 current TOS 
100 = Register 4 current TOS 
101 = Register 5 current TOS 
110 = Register 6 current TOS 
111 = Register 7 current TOS 


15 B NEU busy — this bit is set whenever the execution 
unit is busy. This causes the BIU to generate the 
BUSY signal. 


NOTE: If bits O—5 are set (1), then the condition is true. 
SSSSSSFSFSSSSFFesFsee 


Table 13-2. 80287 Condition Codes 
ee = 
a 
INSTRUCTION TYPE C3 C2 C1 CO Interpretation 
ee ee 


Compare, test 0 0 x 0 TOS > source or 0 

0 0 x 1 TOS < source of 0 

1 0 x 0 TOS = Source or 0 

1 1 x 1 TOS is not comparable 
Remainder Qi 0 QO Q2 Complete reduction 

U U U Incomplete reduction 
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Table 13-2 (continued). 80287 Condition Codes 


INSTRUCTION TYPE C3 C2 C1 CO _ Interpretation 


Examine 0 0 0 0 Valid, positive normalized 
0 0 0 1 Invalid, positive, exponent =0 
0 10) 1 ie} Valid, negative, unnormalized 
0 0 1 1 Invalid, negative, exponent=0 
10} 1 0 0 Valid, positive, normalized 
0 1 0 1 Infinity, positive 
0 1 1 0 Valid, negative, normalized 
0 1 1 1 Infinity, negative 
1 0 0 0 Zero, positive 
1 0 0 1 Not used 
1 0 1 0 Zero, negative 
1 0 1 1 Not used 
1 1 0 0 Invalid, positive, exponent =0 
1 1 0 1 Not used 
1 1 1 0 Invalid, negative, exponent =0 
1 1 1 1 Not used 

NOTES: 


x = unaffected value 
U = undefined value 
TOS = top of stack 
QX = quotient bit X 


The control word determines which of several different processing 
options the coprocessor will use. The 16-bit contro! word is normally 
loaded from memory to set specific coprocessor options. The five 
low-order bits (0 — 5) of the word contains individual masks for each 
of the six exceptions that the 80287 recognizes. If an exception 
is encountered during processing and the mask is in place, process- 
ing will continue as normal. If the exception is not masked, then 
the 80287 will generate an error condition. The eight high-order bits 
of the word contain operating parameter controls such as precision, 
rounding, and infinity. Table 13-3 describes the bit definitions for 
the control word and Figure 13-3 represents the format of the control 
word. 
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Figure 13-3. 80287 Control Word Format 


Table 13-3. 80287 Control Word Bit Definitions 


BIT 


NAME 


DESCRIPTION 


0 


10, 11 


IM 


DM 


ZM 


OM 


RC 


Invalid operation exception mask. When the bit is 
set, the exception is masked. 

Denormalized operand exception mask. When the 
bit is set, the exception is masked 

Zero divide exception mask. When this bit is set, 
the exception is masked. 

Overflow exception mask. When the bit is set, the 
exception is masked. 

Underflow exception mask. When the bit is set, the 
exception is masked. 

Precision exception mask. When the bit is set, the 
exception is masked. 

Reserved. Do not use. 

Precision control. These bits determine the preci- 
sion of processor calculations according to the fol- 
lowing settings: 


00 = 24 bits (short real) 
01 = reserved 

10 = 53 bits (long real) 
11 = 64 bits (temp real) 


Rounding control. These bits determine the mode 
used for rounding operations during calculations ac- 
cording to the following settings: 


00 = round to nearest or even 

01 = round down 

10 = round up 

11 = Chop (truncate toward zero) 
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Table 13-3 (continued). 80287 Control! Word Bit Definitions 


nn NEnS ESE 


BIT NAME DESCRIPTION 


a 

12 IC Infinity control. The setting of this bit determines 
how the processor controls the closure of the 
number space at infinity. When the bit is set, affine 
closure is used (+ infinity). When the bit is clear, 
projective closure is used. 

13-15 _ Reserved. Do not use. 


Numeric Execution Unit 


The numeric execution unit (NEU) is the second major portion of 
the 80287. This unit is responsible for executing all instructions deal- 
ing with the register stack, including logical, arithmetic, constant, 
transcendental, and data transfer instructions. The internal data path 
in the NEU is 84 bits wide. This path consists of 68 significand 
bits, 15 exponent bits, and 1 sign bit. 


The NEU contains the register stack, all numeric execution units 
for the processor, the operand queue, and the microcode control 
unit. Of all the components within the NEU, the most important is 
the register stack. 


Register Resources 


The 80287 employs a stack consisting of eight data registers. Each 
register is 80 bits wide and contains three fields. The lower 64 bits 
of each register comprise the significand data, the next 14 bits are 
the exponent data, and the highest bit is the sign bit. Figure 13-4 
illustrates the registers within the 80287. 
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Reprinted by permission of Intel Corporation, Copyright 1987 


Figure 13-4. 80287 Registers 


Each register has a two-bit tag associated with it. All eight tags 
are contained in the tag word register. The two lowest-order bits 
are the tag for register 0 and the two highest-order bits are the 
tag for register 7. There are four possible tag values, as follows: 


00 — (valid tag) 

01 — (zero tag) 

10 — (invalid tag or infinity) 
11 — (empty tag) 


These tag values help to determine the contents of the register. 
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The register set also contains an instruction pointer and a data 
pointer register. These registers are useful for error-handling 
routines. Since the 80287 supports both real and protected mode 
operation, these registers can be interpreted in either of two ways. 
Figure 13-5 illustrates the differences between these two modes. 


5 fe) 
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Reprinted by permission of Intel Corporation, Copyright 1987 
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Figure 13-5. Register Mode Differences 
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Operation 


The 80287 operates in parallel with the system processor. The BIU 
decodes each instruction that the system CPU receives. If it receives 
an 80287 instruction, it determines if the instruction is a control in- 
struction or a math instruction. The BIU executes control instructions 
and transfers math instructions to the NEU. 


When the NEU executes an instruction, it causes the BIU to activate 
the processor's BUSY line. Since the 80287 only executes one in- 
struction at a time, the system CPU checks the status of the BUSY 
line before sending commands to the 80287. If the 80287 encounters 
an exception during program execution, it will cause the BIU to acti- 
vate the ERROR line and it will set the ES bit in the status word. 


The 80287 supports two separate operating modes similar to those 
of the 80286 microprocessor. When the 80287 is reset, it automati- 
cally sets up to run in real address mode. The 80287 can be placed 
in the protected virtual address mode by executing the FSETPM 
instruction. Note that once the 80287 is placed in protected mode, 
it cannot return to real mode without being reset. Also, when the 
80287 is in protected, mode all references to memory for data status 
obey 80286 protection rules. The 80287 is compatible with the 8087 
in both modes of operation. 


Programming 


Programming the 80287 is a very simple process. The device is 
controlled and accessed through the instruction set (refer to Appen- 
dix B). Even the status word and the control word are handled 
through the processor instruction commands. This allows the pro- 
grammer to include specific 80287 routines with any number of high- 
level languages or with other assembly language routines. 


Page 13-11 


Coprocessors 
ee a er eee a 


Device Pinout 


Figure 13-6 illustrates the pinout of the 80287 coprocessor. Refer 
to Table 13-4 for descriptions of these signals. 


Reprinted by permission of Intel Corporation, Copyright 1987 


Figure 13-6. 80287 Signal Pinout 


Table 13-4. 80287 Pin Descriptions 


EES 


NAME DESCRIPTION 
ae 
1-4 _ Not connected. 

5-8 Di5-D12 Data bus. Bidirectional data bus signals. 
9 Vec +5VDC power supply. 
10, 30 Vss System ground. 


BrmrReE Ee & 
2 
4 
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Table 13-4 (continued). 80287 Pin Descriptions 
ae el ERS SE Oe 


PIN NAME DESCRIPTION 
a 
11,12 D11,D10 Data bus. Bidirectional data bus signals. 

13 _— Not connected. 

14-23 D9-DO Data bus. Bidirectional data bus signals. 

24 PEREQ Processor extension data channel operand 


transfer request. When this line is high, the 
80287 is ready to transfer data. This signal 
is disabled when PEACK goes active. 


25 BUSY Busy status. This line is active whenever the 
80287 is executing a command. 

26 ERROR Error status. This signal is active when an 
unmasked error condition exists in the 80287. 

27 NPRD Numeric processor read. When this signal is 
active, data may be read from the 80287. 

28 NPWR Numeric processor write. When this signal is 
active, data may be written to the 80287. 

29 CMDO Command line 0. The system CPU uses this 


line in conjunction with CMD1, NSP1, and 
NSP2 to operate the 80287. 

31 CMD1 Command line 1. The system CPU uses this 
line in conjunction with CMDO, NSP1, and 
NSP2 to operate the 80287. 


32 CLK Clock input. The basic timing signal for the 
80287 is provided on this input. 
33 NSP2 Numeric processor select. The system CPU 


uses this line in conjunction with CMDO, 
NSP1, and CMD1 to operate the 80287. 

34 NSP1 Numeric processor select. The system CPU 
uses this line in conjunction with CMDO, 
NSP1, and CMD1 to operate the 80287. 

35 RESET System reset. This signal causes the 80287 
to terminate all present activity and return to 
the real address mode. 


36 PEACK Processor extension data channel operand 
transfer acknowledge. This signal acknowl- 
edges the PEREQ signal. 

37, 38 _ Not connected. 

39 CKM Clock mode signal. A high on this line causes 


the CLK signal to be used directly for proces- 

sor timing. A low on this signal causes the 

CLK signal to be divided by three before use. 
40 _ Not connected. 
SSS 


Page 13-13 
Coprocessors 


oN — 


80387 


The 80387 coprocessor (model Z-516) is the second of two co- 
processor options available for this computer system. As with the 
80287, installation of this coprocessor may require alteration of the 
system configuration. Refer to Chapter 4 for details on system con- 
figuration. 


The 80387 serves as a complimentary device for 80386-based com- 
puter systems. Like the 80287, the 80387 operates as an extension 
of the 80386 CPU, providing it with additional instructions and fea- 
tures (refer to Appendix C). Some of the features of this device 
include: 


e 80-bit internal architecture 

© Object code compatibility with 8087 and 80287 

e@ Support for multiple data formats (32-, 64, and 80-bit floating 
point; 32-, and 64-bit integers; and 18 digit BCD data) 

e Support for the ANSI/IEEE 754-1985 Binary Floating-Point Stan- 
dard 


Architecture 


Figure 13-7 is a block diagram of the 80387 coprocessor. Refer 
to this illustration while reading the following material. 
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Figure 13-7. 80387 Block Diagram 
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The internal organization of the 80387 is similar to the 80287. Design 
changes within the 80387 allow the 80386 CPU to perform some 
of the operations that the 80287 previously had to complete. This 
results in increased performance in the 80387, providing faster 
processing. 


Internally, the 80387 consists of three major circuit groups. The three 
major groups are the bus control logic unit, the data interface/control 
unit and the floating point unit. These units, combined with some 
functions within the 80386, perform the dedicated math processing 
functions. In order to enhance performance, the three sections oper- 
ate in parallel. 


Bus Control Unit 


The bus control unit interfaces the 80387 with the 32-bit data bus 
and controls the operation of that interface. As far as the CPU is 
concerned, the 80387 appears as a special peripheral device. 
Whenever the CPU encounters a coprocessor command, it automat- 
ically initiates I/O with the 80387 using reserved I/O addresses. 


The bus control unit communicates only with the CPU. The CPU, 
in turn, handles all memory accesses required by the 80387, trans- 
ferring data to and from the coprocessor. 


Data Interface/Control Unit 


The data interface/control unit controls the flow of data to and from 
the floating point unit and control registers. It also decodes instruc- 
tions, sequences internal microinstructions, and performs some in- 
ternal administrative functions. 


The data interface/control unit reads data from the bus control logic 
area. Under the control of the bus control logic, this data is sent 
to the instruction decoder or an internal FIFO buffer. The instruction 
decoder controls the flow of data in the FIFO buffer as well as the 
microinstructions that execute each instruction. Some 80387 instruc- 
tions can execute independently of the floating point unit and the 
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microinstruction sequencer. The instructions in this group are FINIT, 
FCLEX, FSTSW, FSTSW AX and FSTCW (refer to Appendix C for 
information on the 80387 instruction set). This unit also generates 
the BUSY, PEREQ, and ERROR signals to synchronize operations 
with the CPU. 


The data interface/control unit uses the status word register to report 
the status of the coprocessor after each operation. The status word 
is a 16-bit word, as illustrated in Figure 13-8. Table 13-5 describes 
the bit definitions for this word. This status word differs from that 
used by the 80287 only in the definition of bit 6. 


5 0 
Bm Fee 


Reprinted by permission of Intel Corporation, Copyright 1987 
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Figure 13-8. 80387 Status Word Format 


Table 13-5. 80387 Status Word Bit Definitions 


ee 


BIT NAME DESCRIPTION 
oa aD 
0 IE Invalid operation — stack overflow or under- 


flow, indeterminate form, or use of a non- 
number as an operand. 


1 DE Denormalized operand — an operand with 
the smallest exponent, but a non-zero sig- 
nificand. 

2 ZE Zero divide — the dividend is a non-infinite, 
non-zero number while the divisor is zero. 

3 OE Overflow — the magnitude of the operation 
result is too large for the specified format. 

4 UE Underflow — the operation result is non-zero 


but too small to fit the specified format. 
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Table 13-5 (continued). 80387 Status Word Bit Definitions 


DESCRIPTION 


a 


BIT NAME 
5 PE 

6 SF 

7 ES 
8-10, co-C2 
14 C3 
11-13 TOS 

15 B 


Precision — is not possible to correctly repre- 
sent the result in the specified format. The 
result is rounded. 

Stack flag — This bit helps to distinguish be- 
tween invalid operations involving the stack. 
When this bit is set, an invalid operation has 
occurred. If bit 9 is set, the operation was 
a stack overflow. If bit 9 is clear, the operation 
was a stack underflow. 

Error summary status — this bit is set if any 
unmasked exception bit is set. If this bit is 
set, the ERROR signal is active. 

Condition codes — report the condition of the 
operation. Refer to Table 13-6 for the inter- 
pretation of these codes. 

Top of stack — these three bits define the 
Current top of stack according to the following 
arrangement: 


000 = Register 0 current TOS 
001 = Register 1 current TOS 
010 = Register 2 current TOS 
011 = Register 3 current TOS 
100 = Register 4 current TOS 
101 = Register 5 current TOS 
110 = Register 6 current TOS 
111 = Register 7 current TOS 


Busy bit — this bit is provided only for com- 
patibility with the 8087. The condition of this 
bit reflects the contents of the ES bit. 


NOTE: If bits 0-5 are set (1), then the condition is true. 
a oe 
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Table 13-6. 80387 Condition Codes 


aE 


INSTRUCTION TYPE C3 C2 C1 _ CO _ Interpretation 


aaa 


Compare 0 0 Xx 0 TOS > operand 

0 0 x 1 TOS < operand 

1 0 x 0 TOS = operand 

1 1 x 1 Unordered 
Remainder Qi 0 QO Q2 Complete reduction (See 

Table 13-7) 

U 1 U U Incomplete reduction 
Operand Class i¢) 0 0 0 -+ Unsupported 
Definitions 0 0 0 1 +NAN 

(¢) 0 1 0 — Unsupported 

0 0 1 1 —NAN 

0 1 0 0 +Normal 

o 1 #0 41 + Infinity 

0 1 1 0 — Normal 

0 1 1 1 — Infinity 

1 (0) 0 0 +0 

1 0 0 1 + Empty 

1 i?) 1 0) -0 

1 ie) 1 1 — Empty 

1 1 0 0 +Denormal 

1 1 1 0 — Denormal 
NOTES: 


x = unaffected value 
U = undefined value 
TOS = top of stack 
Qx = quotient bit x 
NAN = not anumber 


a LUE EERE 


The NAN listed in Table 13-6 is a special condition that occurs in 
the 80387 coprocessor. Any value that contains a string of ones 
in the exponent, except infinity, is considered a NAN. This situation 
tends to propagate through arithmetic operations. The advantage 
to NAN values is that they can be handled as special situations 
by the software. This allows the programmer to test for special condi- 
tions or results with the coprocessor. 
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Complete reductions, as listed in Table 13-6, relate to a specific 
MOD value. Table 13-7 provides the relation between the condition 
codes, quotient bits, and the MOD value. 


Table 13-7. 80387 Quotient Results 
a 
CONDITION CODE C3. C2 C1 co VALUE 
QUOTIENT BIT Qi Qo @Q2 QMOD8 


eceoooo0oo0o090 
“4A O0-4=00 
"-O-0-0+0 
--4-0000 
NOOBRWN—O 


The 80387 also employs a contro! word, as in the 80287. However, 
in the 80387 bit 12 no longer defines infinity control. Instead, it is 
defined as a reserved bit. (Refer to Table 13-3 for details on the 
other bits of the control word.) In the 80387, only affine closure 
is supported in infinity arithmetic. Bit 12 initializes to a zero after 
a RESET or an FINIT instruction and can only be changed by loading 
the control word. Since this bit is defined as reserved, software 
should ignore this bit. 


Floating Point Unit 


The floating point unit executes all numerics instructions. Numerics 
instructions are those instructions that involve the processor stack. 
They include arithmetic, logical, transcendental, constant, and data 
transfer instructions. As in the 80287, the internal data path in the 
floating point unit is 84 bits wide. The data path is divided into three 
sections: 68 bits are the significant bits, 15 bits are exponeniial, 
and one bit in the path is the sign bit. 
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Register Resources 


The 80387 uses a register set that is very similar to the register 
set in the 80287. The primary difference between the two are the 
instruction pointer and the data pointer registers. 


In the 80287, both the instruction pointer and the data pointer regis- 
ters are part of the register set. The 80387 has the same capabilities, 
but these registers are no longer within the 80387 itself. Instead, 
the two registers are located within the 80386 CPU. Because of 
this, the size of these registers has increased from 16 bits to 48 
bits. Figure 13-9 illustrates the register set used by the 80387. 


CONTROL REGISTER 
STATUS REGISTER 
TAG WORD 


47 ie) 
INSTRUCTION POINTER (IN 80386 
DATA POINTER (IN 80386 


Reprinted by permission of Intel Corporation, Copyright 1987 


Figure 13-9. 80387 Registers 


‘As in the 80287, each register has a two-bit tag associated with 
it. All eight tags are contained in the tag word register. The two 
lowest-order bits are the tag for register 0 and the two highest-order 
bits are the tag for register 7. There are four possible tag values, 
as follows: 


00 — (valid tag) 

01 — (zero tag) 

10 — (invalid tag or infinity) 
11 — (empty tag) 


These tag values help to determine the contents of the register. 
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Like the 80287, the 80387 supports different modes of operation. 
The 80387 supports both real and protected mode operations in 
16- and 32-bit formats. Because of this, the interpretation of the 
various registers may change based on the current operating mode. 
Figure 13-10 illustrates the differences in 32-bit format while Figure 
13-11 illustrates the differences in 16-bit format. 


Sad BIT PROTECTED MODE FORMAT 
3 15 re 0 


UMBELLY/ 
WUE SY 7 
a 


IP OFFSET 


DATA OPERAND OFFSET 


MMMM OY, OP ERAN sevecToR | 


ME | 
YUWESY/ 
WWAESY// 


WLM EEA NSTRISWON PONTER 15-0 
Foo0o | wsTrucTON Powter si-16 [0 [orcode 1a-0 
LALIT, Kt 


Reprinted by permission of Intel Corporation, Copyright 1987 


Figure 13-10. 32-bit Format Register Differences 
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16-BIT PROTECTED MODE FORMAT 
15 EA i?) 


[es sector | 


OPERAND OFFSET 
OPERAND SELECTOR 


16—BIT REAL—ADDRESS MODE AND 
VIRTUAL~8086 MODE FORMAT 
15 7 i?) 


OoOroanerno 


fete [0] ovtoce 10-0 


OPERAND POINTER 15-0 
[oris-16] 0] 00000000000 


Reprinted by permission of Intel Corporation, Copyright 1987 


aranarneo 


Figure 13-11. 16-Bit Format Register Differences 


Operation 


In operation, the 80387 is very similar to the 80287. As with the 
80287, the 80387 operates in parallel with the 80386. Essentially, 
the 80386 looks at the coprocessor as an extension of itself. In 
both real and virtual 8086 mode, the 80387 is upward compatible 
with the 8087 and the 80287. In the protected mode the 80387 
is upward compatible with the 80287. 
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Whenever the 80386 CPU encounters a coprocessor command, it 
communicates with the bus control logic of the 80387. The 80387 
then latches the instruction into the data buffer so that the data 
interface/control unit can access it. The data interface/control unit 
passes the data to the FIFO buffer or to the instruction decoder, 
depending on the instructions received from the bus control unit. 
When the microinstruction sequencer starts to execute the instruc- 
tion, the 80387 BUSY line goes active. If the 80387 encounters 
a processing exception during execution, the ERROR line will go 
active. 


All computations, with the exception of those handled by the data 
control/interface unit, are performed by the floating point unit. The 
results of these calculations are routed back to the FIFO buffer so 
that they can be placed back on the system data bus. 


Programming 


The 80387 is programmed in the same manner as the 80287. All 
device and control functions are accessible through the instruction 
set (refer to Appendix C). Since the 80386 controls the 80387, all 
communications between the two devices will be transparent to ap- 
plications software. The device can be utilized by high-level and 
assembly language routines. 


All operands are stored in memory with the least-significant digit 
at the lowest memory address. To increase system performance, 
all operands should start at doubleword boundaries. A doubleword 
boundary is a memory address that is evenly divisible by four. This 
allows the processor to utilize the full 32-bit data path while moving 
data. 


p 
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Device Pinout 


Figure 13-12 illustrates the pinout of the 80387 coprocessor. Table 
13-8 is a cross-reference of the device pinout by signal name, and 
Table 13-9 provides the same cross-reference by pin number. 


PIN 4 ABCDEFGHJKL 
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Reprinted by permission ol Inte) Corporation, Copyright 1987 


Figure 13-12. 80387 Device Pinout 


Table 13-8. 80387 Pinout by Function 


FUNCTION PIN NAME | FUNCTION PIN NAME 


FUNCTION PIN NAME 


DO H2 3887CLK2 K11 
D1 H1 Vec A6 
D2 G2 Veco AQ 
D3 Gi Vcc B4 
D4 D2 Vec E1 
D5 D1 Vcc FA 
D6 C2 Vec F10 
D7 C1 Vcc J2 
D8 Bi Vcc K5 
D9 A2 Vec L7 
D10 B3 GND B2 
D11 A3 GND B7 
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Table 13-8 (continued). 80387 Pinout by Function 


FUNCTION PIN NAME | FUNCTION PIN NAME 


FUNCTION PIN NAME 


D12 A4 CMDO L8 GND C11 
D13 B5 ERROR L2 GND E2 
D14 AS NPS1 L6é GND F2 
D15 B6 NPS2 K6 GND F114 
D16 A7 PEREQ Kt GND J 

D17 B8 READY K8 GND J10 
D18 A8 READYO L3 GND L5 

D19 Bg RESETIN L10 N.C. K9 
D20 Bi0 STEN L4 Tie High K3 
p21 A10 wR K4 Tie High L9 

D22 B11 386CLK2 K1 


PIN NAME FUNCTION 


GND 


A3 Di1 J11 CKM 

A4 Di2 K1 PEREQ 
AS D14 D10 D24 K2 BUSY 
A6 Vee D11 D25 K3 Tie High 
A7 D16 E1 Vec K4 W/R 

A8 D18 E2 GND K5 Vec 

AQ Vec E10 D26 K6 NPS2 
A10 p21 E14 D27 K7 ADS 

B1 D8 Fi Vec K8 READY 
B2 GND F2 GND K9 N.C. 

B3 D10 F10 Vee K1i0 386CLK2 
B4 Vec F11 GND K11 387CLK2 
B5 D13 G1 D3 L2 ERROR 
B6 D15 G2 D2 L3 READYO 
B7 GND G10 D28 L4 STEN 
B8 D17 G11 p29 L5 GND 

Bg D19 H1 D1 L6 NSP1 
B10 D20 L7 Vec 

B11 p22 L8 CMDO 
C1 D7 L9 Tie High 


RESETIN 
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80387 Pin Descriptions 


This section is organized according to the signal groups used in 
the 80387. These groups are control signals, handshake signals, 
bus interface signals, chip select signals, and power connections. 


Control Signals 


The control signals are responsible for all execution control in the 
80387. 


386CLK2 — 80386 clock 2. The operation of this signal depends 
on the setting of J201. If the 80387 is set for non-synchronous opera- 
tion, this signa! provides the clock signal for the bus control logic. 
If the 80387 is operating in synchronous mode, this signal also 
clocks the floating point unit and the data interface/control unit. This 
signal is divided by two internally to form the internal clock. 


387CLK2 — 80387 clock 2. This signal also depends on the setting 
of J201. When the 80387 is in asychronous mode, this signal pro- 
vides the clock signal for the data interface/control unit and the float- 
ing point unit. If the 80387 is operating in synchronous mode, this 
pin is ignored. 


CKM — Clocking mode. This pin determines which clocking mode 
the 80387 will use. The two available modes are synchronous or 
asychronous. This line is controlled by the setting of J201. 


RESETIN — System reset. When the signal level on this pin 
changes from low to high, the 80387 will terminate all present opera- 
tions and revert to a dormant state. 


Handshake Signals 


The handshake signals are responsible for reporting the status of 
the 80387. 
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PEREQ — Processor extension request. Whenever the 80387 is 
ready to transfer data to or from the FIFO buffer, this line will go 
active. This line is normally connected directly to the 80386 CPU. 


BUSY — Busy status. Whenever the 80387 is executing an instruc- 
tion, this line will be active. 


ERROR — Error status. If the 80387 encounters an unmasked ex- 
ception during execution, this line will go active. This line reflects 
the state of the ES bit in the status register. Immediately following 
a system reset, the ES bit is read to determine if an 80387 is present 
in the system. 


Bus Interface Signals 


The bus interface signals control reading and writing information 
to and from the system bus. 


DO — D31 — Bidirectional data bus. All data going to and from the 
80387 uses this bus. These lines are normally connected directly 
to the data bus for the 80386. 


W/R — Write/read cycle. This line lets the 80887 know what type 
of bus cycle is currently in progress. If STEN, NSP1, or NSP2 are 
inactive, this signal will be ignored by the 80387. 


ADS — Address strobe. This signal is used with the READY signal 
by the bus control logic to determine when the 80387 can sample 
the W/R and chip select signals. 


READY — Bus ready. Whenever the 80386 is about to terminate 
a bus cycle, this signal will become active. The internal bus contro! 
logic uses this signal follow activity on the bus. 


READYO — Ready output. When this signal is active, it indicates 
that the current 80387 bus cycle may be terminated if no additional 
wait states are required. 
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Chip Select Signals 


The chip select signals allow the system to select the 80387 for 
operations. 


STEN — Status enable. This line is essentially the chip select line 
for the 80387. This signal requires that NSP1 and NSP2 be active 
in order to correctly select the 80387. 


NSP1 — 80387 select #1. When this line is active along with STEN 
and NSP2, it indicates that the current bus cycle is communicating 
with the 80387. This line is selected when the 80386 performs I/O 
cycles. 


NSP2 — 80387 select #2. When this line is active along with STEN 
and NSP14, it indicates that the current bus cycle is communicating 
with the 80387. 


CMDO — Command. This signal indicates whether the 80387 has 
received an opcode or data. If CMDO is active, the command was 
an opcode for the 80387. If CMDO is inactive, the information is 
data for the 80387. 


Power Signals 


The final group of signals are those that provide operating power 
for the 80387. 


Vec — +5 VDC supply. This is the operating DC voltage for the 
80387. 


GND — Ground. All signals with this designation connect to system 
ground. 


Chapter 14 
Support Circuits 


This chapter describes the major user-programmable support cir- 
cuits in this computer. Support circuits remove some of the workload 
from the system CPU by maintaining critical system operations with- 
out requiring direct CPU control. Examples of support circuits are 
DMA controllers, interrupt controllers, and system timing circuits. 


CPU Support Circuitry 


Several integrated circuits make up most of the CPU support cir- 
cuitry. Support circuits include two 8259 interrupt controllers, two 
8237 DMA controllers, the MC146818A real-time clock, the 8254 
programmable interval timer, and a dedicated processor known as 
the system control processor, or SCP. A number of data latches 
and buffers are also contained in this circuitry. 


With the exception of the real-time clock, all of these components 
are located on the system I/O card. The real-time clock is installed 
on the backplane board. The system I/O card also contains the 
serial and parallel communications circuits. These circuits are dis- 
cussed in other chapters in this manual. The I/O card occupies slot 
number 4 in the backplane board. 


The 8259 Interrupt Controller 


The interrupt controllers monitor various devices and the system 
bus and notify the CPU if any of them require immediate attention. 
These devices include the timer, keyboard, real-time clock, the co- 
processor, and the input/output ports. 


This computer uses two types of interrupts: maskable and non- 
maskable interrupts. The interrupt controller handles the maskable 
interrupts while non-maskable interrupts go directly to the CPU. The 
non-maskable interrupt is reserved for serious error conditions and 
those circuits that have critically tight timing requirements. 
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The design of the 8259 is compatible with the interrupt-driven envi- 
ronment in this computer. Each 8259 can manage up to eight sepa- 
rate request lines. Since this computer uses the interrupt controllers 
in cascade mode, the slave controller uses one line as an input 
to the master controller. This provides a total of 15 separate interrupt 
lines that the system can use. 


You may select from several priority modes that configure the 8259 
to match the hardware requirements of the system. This configura- 
tion may be changed while the system is running and allows the 
user to re-configure the system as various requirements for inter- 
rupts arise during operation of the system. 


The user can mask individual interrupt lines without affecting those 
with either higher or lower priority. Table 14-1 shows the interrupt 
level assignments available in this computer. 


Table 14-1. Interrupt Line Assignments 
PS a ae ee ee ee, 


INTERRUPT ASSIGNMENT 


8 
IRQO Timer channel 0 


IRQ1 System control processor (SCP) port 2, bit 4 
IRQ2 Slave controller input 
IRQ3 PC bus or COM2 
IRQ4 PC bus or COM1 
IRQ5 PC bus or LPT2 
IRQ6 PC bus 

IRQ7 PC bus or LPT1 

IRQ8 Real-time clock 
IRQ9 IRQ2 on PC bus 
IRQ10 AT bus 

IRQ11 AT bus 

IRQ12 AT bus 

IRQ13 Coprocessor 

IRQ14 AT bus 

IRQ15 AT bus 


eC eEEESESeSSeSSSSSSSSSSSSSSSSSSFsFMFsFheFeFeFFFeFeFeFses 


y 
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The system timer interrupt, which has the highest priority of the 
maskable interrupts, is a clock signal generated by the 8254. The 
computer uses it for disk drive timing and to generate certain clock 
signals used by the operating system. The keyboard interrupt, con- 
trolled by the SCP, has the next highest priority. The keyboard inter- 
rupt occurs whenever the user presses a key on the keyboard. 


Interrupt Controller Architecture 


Refer to the block diagram in Figure 14-1 while reading the following 
material. There are eight major circuit groups in the 8259 that the 
computer uses. Lines and arrows illustrate the interrelationship be- 
tween these blocks. 


INTERRUPT INTERRUPT 
ACKNOWLEDGE (70 CPU) 


ONES: CONTROL LoGiC 


WRITE READ/WRITE | wstemvas | 


Locic 
ADDRESS LINE 0 
CHIP SELECT IN-SERVICE PRIORITY INTERRUPT _ | _ INTERRUPT 
REGISTER RESOLVER REQUEST REQUESTS 
REGISTER (LEVELS 0-7) 
cascabe CASCADE, 
‘ASCAI BUFFER, 
SIGNALS ~ COMPARATOR BITERRUPT 
REGISTER 


SLAVE PROGRAM 
ENABLE BUFFER 


Figure 14-1. 8259 Interrupt Controller Block Diagram 


The data buffer is an 8-line, bidirectional, three-state buffer that inter- 
faces the address/data bus to the CPU. Instructions, status informa- 
tion, and interrupt vector data are transferred through this buffer. 
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The control logic is responsible for sending the interrupt signal to 
the CPU and receiving the interrupt acknowledge back from the 
CPU. It communicates with the priority resolver and receives infor- 
mation from the in-service register. During initialization and program- 
ming, the control logic receives instructions from the read/write logic. 


The read/write logic is responsible for handling the programming 
of the chip, both during initialization and during operation. It is also 
responsible for releasing status information onto the data bus when 
requested by the CPU. The controlling lines, treated by the CPU 
as an input/output port, are the read, write, chip select, and address 
line 0 lines. . 


The in-service register is one of three internal registers in the IC. 
This register stores all interrupt requests acknowledged by the CPU 
that are currently being serviced. The priority resolver looks at this 
data to see if an incoming interrupt request is already being serviced 
by the CPU. 


The priority resolver determines the priorities of the interrupt re- 
quests in the interrupt request register. It first determines if the inter- 
rupt request line has been masked by the interrupt mask register. 
Next, it checks if the interrupt is in the in-service register, which 
tells the resolver that the interrupt is already being serviced. 


The interrupt request register receives all the incoming interrupt re- 
quest lines and latches them until the CPU can process them. This 
register stores all interrupts that are requesting service. After the 
CPU acknowledges an interrupt request, it transfers the request to 
the in-service register. However, before the interrupt request register 
will recognize another interrupt request on the same line, that line 
must go inactive. If the in-service register already holds the request, 
the interrupt request register will clear (which also clears the in- 
service register) and will recognize a subsequent interrupt request 
on the same line. This action prevents an interrupt request that has 
been serviced by the CPU from reactivating the service routine by 
going through the system a second time. 
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The cascade buffer/comparator is responsible for comparing the IDs 
of all 8259s used in the computer. When the 8259 is used in the 
master/slave mode, the master sends slave IDs over the cascade 
lines (CASO — CAS2). If the selected slave has an interrupt pending, 
it will place its subroutine address on the data bus. 


The interrupt mask register can disable selected interrupt request 
lines. It operates in conjunction with the priority resolver to mask 
out incoming interrupt requests. Masking one priority level will not 
affect the operation of higher or lower priority interrupts. 


Initialization 


As part of initializing the computer system, the CPU must initialize 
certain internal registers and program the interrupt controller by 
sending it a series of commands. 


The system will first initialize the SS (stack segment) register of 
the CPU. This register points to the start of the stack, which is lo- 
cated near the top of scratchpad memory between addresses 
FOOOOH and F3FFFH. The exact address depends on the version 
of the Monitor program installed in your computer. Note that only 
the Monitor program uses this stack location. Under MS-DOS opera- 
tion, the stack segment register may point elsewhere. 


Next, the interrupt vector table in low memory is initialized. This 
table contains the addresses of the service routines used by each 
interrupt. If the CPU is operating in real mode, each interrupt vector 
address is four bytes long. The CS (code segment) register uses 
two bytes for its base address, while the IP (instruction pointer) 
uses the other two bytes for the offset address. If the processor 
is operating in protected mode, each vector consists of 8 bytes of 
information. This is combined with the address in the interrupt de- 
scriptor table to obtain the vector address. 
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Finally, the CPU will initialize the interrupt controller with a series 
of initialization commands. These commands set up the controller 
for normal operation. Tables 14-2 through 14-5 describe the con- 
tents of the four command words that may be sent to the controller. 
Note that either three or four commands may be sent in sequence. 
The AO line, when low, identifies the first command word. The AO 
line is then set high and the following command words are sent 
to the controller in sequence. 


Table 14-2. Initialization Command Word 1 
ee a 
BIT DESCRIPTION 


0 Informs the controller whether there will be three or four com- 
mand words in the sequence. If the bit is high, there will be 
four command words in the sequence. If the bit is low, there 
will be three command words in the sequence. 

1 Tells the controller whether it is the only controller in the system 
or not. If this bit is set (1), only one controller is in the system 
and no command word 3 will be issued. 

2 Tells the controller whether the vector addresses are four bytes 
long or eight bytes long. This computer uses four-byte vector 
addresses, so this bit will be set (1). 

3 Tells the controller to recognize interrupt requests on the lead- 
ing edge of the interrupt line transition or when the level is 
high. If this bit is set (1), the interrupt request is recognized 
on the edge of the transition. 

4 Always set (1). 

5-7 Not used in this computer. If the computer using the 8259 con- 
tains an 8-bit processor, such as the 8080 or 8085, then these 
three bits are programmed with address bits A5 — A7 of the 
vector table address. If the vector addresses are four bytes 
long, the interrupt controller will automatically supply address 
bits AO — A4, depending upon the interrupt requested. If the 
vector addresses are eight bytes long, the interrupt controller 
will automatically supply address bits AO — A5 and ignore bit 
5 in this command word. 
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Table 14-3. Initialization Command Word 2 


BIT 


DESCRIPTION 


These three bits are not used in this computer. Refer to the 
explanation for the bit 0-7 configuration. 

These five bits contain address bits A3 — A7 in this computer. 
In computers with 8-bit CPUs, such as the 8080 or 8085, these 
bits hold address bits A11 through A15. Refer to the explanation 
for the bit 0-7 configuration. 

This computer does not use this configuration. In computers 
with an 8-bit CPU, such as the 8080 or 8085, these bits contain 
address bits A8 — A15. 


Table 14-4. Initialization Command Word 3 


BIT 


DESCRIPTION 


0-7 


If this interrupt controller is the master device, these bits let 
the controller know which interrupt request line has a slave inter- 
rupt controller attached to it. Each bit corresponds to an interrupt 
request line. 

If this interrupt controller is a slave device, the three low-order 
bits contain the binary value that corresponds to the interrupt 
line of the master interrupt controller attached to this controller. 
For instance, if this controller is programmed with a 6 (bits 1 
and 2 set), then the controller would be connected to interrupt 
request line 6 of the master interrupt controller. In addition, bit 
6 in command word 3 for the master interrupt controller would 
be set. 


me 
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Table 14-5. Initialization Command Word 4 


BIT 


DESCRIPTION 


Oo 


= 


to 


o 


b 


Tells the interrupt controller whether it is in the 8088/8086 (16- 
bit CPU) mode or the 8080/8085 (8-bit CPU) mode. With this 
bit set (1), the controller is in the 8086/8088 mode. 

Tells the controller whether to program for automatic end-of-in- 
terrupt mode or not. With this bit set (1), the controller will be 
in the automatic end-of-interrupt mode. In the automatic end-of- 
interrupt mode and in the 16-bit mode the interrupt controller 
will perform a non-specific end-of-interrupt at the trailing edge 
of the second interrupt acknowledge received from the CPU. 
In the 8-bit mode, the controller performs this operation at the 
end of the third interrupt acknowledge received from the CPU. 
Bit 3 of this word determines whether the interrupt controller 
is in the master or slave mode. When set (1), the bit indicates 
that the controller is in master mode. When the bit is clear (0), 
it will be ignored. 

This word determines whether the controller is in the buffered 
mode or not. This controls the output of the SP/EN line and 
the status of bit 2 for this word. If set (1), the buffered mode 
is selected and the SP/EN line becomes an enable output line. 
Bit 2 of this command word will then be checked for the master/ 
slave option. 

This word determines whether the interrupt controller works in 
the fully nested mode or not. In this mode the controller supports 
more than one level of interrupt and the priority order of the 
eight lines are arranged from highest (IRQO) to lowest (IRQ7). 
If the bit is clear (0), then the controller will not operate in the 
fully nested mode of operation. In this mode one interrupt will 
Not interrupt the operation of another, but will operate in a se- 
quential manner. Note that the priority order may change under 
software control. 

Not used. 


i 
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In this computer, set the interrupt controller as follows: 


1. Set the interrupt request inputs, IRQO — IRQ15, to be edge- 
sensitive. The controller will send an interrupt to the CPU on 
the positive-going transition of one of these lines. 


2. Interrupt priority is in reverse numerical order. IRQO has the 
highest priority, IRQ15 the lowest. 


3. Clear all interrupt masks. 


4. If the interrupt controller sends an interrupt to the CPU, the 
controller will not send any additional interrupts to the CPU 
until the CPU executes a specific end-of-interrupt instruction. 


5. The interrupt controller uses vector addresses spaced every 
four bytes in a 32-byte table in memory. 


Operation 


Operation of the interrupt controller is divided into five areas: CPU 
mode, priority handling, interrupt trigger, status, and cascading. 


CPU Mode — The controller design allows operation with two types 
of CPUs. The 8259 can operate with eight-bit devices, such as the 
8080 and 8085, or sixteen-bit devices, such as the 8088 and 8086. 
The CPU mode determines the type of device the controller will 
operate with. The system programs the controller with this informa- 
tion during the initialization command word sequence. In this com- 
puter, the interrupt controller always operates in the sixteen-bit CPU 
mode. 


When an interrupt takes place in the sixteen-bit mode, the controller 
places a single interrupt-vector address byte on the data bus in 
response to two interrupt acknowledge signals from the CPU. 


The controller uses the first signal to resolve interrupt priorities. The 
second signal times the placing of the interrupt address byte on 
the data bus. The interrupt request being serviced determines the 
values for bits 0 — 2. The values for bits 3 — 7 are determined 
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by the pattern programmed into the controller during initialization 
command word 2. 


The controller does not use the eight bits placed on the data bus 
as a direct address. Instead,the value is interpreted as the call 
number for the INT command, executed by the CPU. These INT 
commands are the same commands used by software, as explained 
in Part Il of this manual. 


When the CPU receives the eight bits from the interrupt controller, 
the processor multiplies the value by four to obtain the address 
of the interrupt vector address. Program execution is then trans- 
ferred to the routine at the interrupt vector address. 


Priority handling — Priorities fall into two categories: fully nested 
and masked. The controller handles them in several different modes. 
These modes are dynamically programmable; priority handling may 
be changed during the operation of a program. 


The fully nested mode is a general purpose mode that supports 
multiple levels of interrupt priority. The eight interrupt request lines 
are handled in a highest-to-lowest manner, usually with interrupt 
request line 0 as the highest priority. This is the default mode set 
up during controller initialization. 


Programming can change which interrupt request line has the high- 
est priority. For example, you can make interrupt request line 4 the 
highest priority. Interrupt request line 5 will then be the next highest, 
interrupt request line 6 the next, and so on. Interrupt request line 
3 will be the the lowest priority level. 


Once the CPU acknowledges an interrupt, the highest priority re- 
quest is determined from the interrupt request register. The control- 
ler places the vector value on the data bus and sets the correspond- 
ing bit in the in-service register. The in-service register bit will remain 
set until the controller receives an end-of-interrupt command. 


In the fully nested mode, once the in-service register bit is set, all 
subsequent requests by the same or lower-priority interrupt request 
line will not generate an interrupt to the CPU. If a higher-priority 
interrupt request occurs, the controller will generate an interrupt. 
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The higher-priority interrupt will interrupt the execution of the service 
routine for the lower-priority interrupt. The CPU disables the interrupt 
request pin when it returns an acknowledge signal to the controller. 
Because of this, the CPU must have an enable interrupt instruction 
executed before a higher-priority interrupt request can be acknowl- 
edged. 


Consider the following example. While the main program is being 
executed, the in-service register will be clear, since no interrupts 
are being serviced. 


Suppose interrupt request line 3 becomes asserted. The interrupt 
controller notifies the CPU, which in turn sends an interrupt acknowl- 
edge signal. The controller places the vector byte on the data bus 
and receives the second interrupt acknowledge signal. At that point, 
the controller sets bit 3 of the in-service register and the CPU starts 
executing the service routine for interrupt line 3. One of the first 
instructions executed by this routine is the enable interrupts instruc- 
tion that allows the CPU to receive further interrupt requests from 
the controller. 


Now, suppose that interrupt line 1 is asserted while the CPU is 
executing this service routine. Again, the interrupt controller notifies 
the CPU which sends an interrupt acknowledge signal. The control- 
ler places the vector byte on the data bus and receives the second 
interrupt acknowledge signal. At this point, the controller sets bit 
1 of the in-service register and the CPU starts executing the service 
routine for interrupt line 1. Bit 1 and bit 3 are both set in the in-service 
register because the service routine for interrupt line 3 was not com- 
pleted. Also, after the CPU once again receives another enable inter- 
rupts command, the controller will act only on interrupt request line 
0. 


When the service routine for interrupt line 1 has finished, it must 
inform the controller by executing an end-of-interrupt command. This 
will clear bit 1 in the in-service register. Next, a return instruction 
must be executed by the program. This will return control to the 
service routine for interrupt line 3 and will allow any interrupt line 
from 0 to 2 to be serviced by the system. 
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When the service routine for interrupt line 3 has finished, the end-of- 
interrupt command will reset bit 3 in the in-service register. When 
the return instruction executes, control will transfer back to the main 
program. 


The interrupt controller in this computer is almost always in the fully 
nested mode of operation. Only two programming conditions can 
disturb this mode: the automatic end-of-interrupt mode and the spe- 
cial mask mode. 


Three different end-of-interrupt formats are available through pro- 
gramming. They are the non-specific end-of-interrupt command, the 
specific end-of-interrupt command, and the automatic end-of-inter- 
rupt command. 


The non-specific end-of-interrupt command, while letting the control- 
ler know that an interrupt service routine was completed, does not 
inform the controller which level of interrupt was involved. The con- 
trolier is in a mode where it can determine service routine levels. 
Because of this, it can determine that the interrupt level that applies 
to the routine just completed corresponds to the highest interrupt 
level set in the in-service register. The non-specific end-of-interrupt 
command will reset this bit. 


There are two conditions that may cause the non-specific end-of- 
interrupt routine to fail. One is when the service routine resets the 
interrupt priorities. The other is when the special mask mode is in 
use. In both cases, the controller may not be able to determine 
the routine's interrupt level. 


The specific end-of-interrupt command must include the in-service 
bit to be reset. This allows the programmer the latitude to change 
interrupt priorities with the servicing routine or perform other func- 
tions that might make it vague to the controller which interrupt routine 
was being serviced, particularly if other service routines were being 
executed at the same time. 


The automatic end-of-interrupt mode eliminates the need for the 
CPU to issue an end-of-interrupt command to notify the controller 
that an interrupt service routine has been completed. While in this 
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mode, the controller will perform a non-specific end-of-interrupt at 
the trailing edge of the second interrupt acknowledge signal from 
the CPU. 


This mode disturbs the fully nested mode because the in-service 
register bit is reset right after it was acknowledged, leaving no sign 
that the service routine is being executed. Therefore, any interrupt 
request (when interrupts are enabled) will get serviced, regardless 
of its priority, making it possible for an interrupt request to interrupt 
its own service routine. 


It is considered good programming practice not to use the automatic 
end-of-interrupt mode unless the CPU's interrupt input will be kept 
disabled while interrupt routines are being serviced. 


Rotation of the interrupt priorities is available under several condi- 
tions and is provided in two modes: automatic rotation and specific 
rotation. 


Automatic rotation is desirable when the interrupts are of equal prior- 
ity, for example, when a series of communication channels handle 
peripheral devices. Once a peripheral is serviced, all other equal- 
priority peripherals should be given the opportunity of being serviced 
before the first is again serviced. To accomplish this, the automatic 
rotation mode assigns the just-serviced line the lowest priority. Auto- 
matic rotation may be implemented with the rotate on non-specific 
end-of-interrupt command or in the rotate on automatic end-of-inter- 
rupt mode. 


When the rotate on non-specific end-of-interrupt command is given, 
the in-service register bit being serviced is reset and its correspond- 
ing interrupt request line is assigned lowest priority. The other lines’ 
priorities are then rotated to conform to the fully nested format, 
based on the bit that has been assigned the lowest priority. For 
example, if bit 3 was just serviced, it is assigned lowest priority, 
bit 4 the highest, bit 5 the second highest, and so on around to 
bit 2, which is second lowest. The rotate on automatic end-of-inter- 
rupt mode works much the same way, except that the reassignment 
of priorities takes place at the falling edge of the second interrupt 
acknowledge received from the CPU. 
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Specific rotation is completely controllable by the programmer. 
Through this operation, the specific interrupt request line is selected 
to receive the highest or lowest priority. Two commands allow this: 
the set priority command and the rotate on specific end-of-interrupt 
command. 


The set priority command assigns an interrupt request line to the 
lowest priority. The other lines’ priorities are then rotated to conform 
to the fully nested format, based on the bit that has been assigned 
the lowest priority. 


If the set priority command is used during a service routine, then 
you must use either a specific end-of-interrupt command or the auto- 
matic end-of-interrupt mode to end the routine. The non-specific 
end-of-interrupt resets the highest in-service register bit, which may 
not represent the service routine that issued the set priority com- 
mand. If the automatic end-of-interrupt mode is used, it performs 
the non-specific end-of-interrupt before the set priority command 
can be issued; however, the best practice is to use the specific 
end-of-interrupt command to eliminate any possible confusion. 


The rotate on specific end-of-interrupt command is a combination 
of the set priority command and the specific end-of-interrupt com- 
mand. With this command, you specify which interrupt request line 
is assigned to the lowest priority and issue the end-of-interrupt com- 
mand at the same time. The other lines’ priorities are rotated to 
conform to the fully nested format, based on the bit that has been 
assigned the lowest priority. 


Masking interrupts allows the programmer to enable interrupt re- 
quest lines that are at a jower priority than the one being serviced. 
As an example, suppose interrupt request line 4 has triggered its 
interrupt service routine, but you want to allow lower-level interrupt 
request lines to interrupt the service routine. Inside the service 
routine for interrupt request line 4, you would first mask interrupt 
request line 4 and then issue a special mask mode command. This 
disables normal nested mode priority operation and enables all inter- 
rupt request lines except those being masked. To leave this mode, 
execute the sequence in reverse order. 


There is one problem with using the mask mode. You cannot use 
a non-specific end-of-interrupt command because all masked inter- 
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rupt request line bits are hidden and are not clearable from the 
in-service register. You must exit the mask mode to use the non- 
specific end-of-interrupt command to clear masked bits from the 
in-service register. Therefore, it is best to issue a specific end-of-in- 
terrupt command when using this mode. 


Interrupt trigger — This computer uses two standard methods to 
sense an interrupt: level-sensitive and edge-sensitive. 


In the level-sensitive interrupt mode, the interrupt controller will rec- 
ognize an active-high on any of its interrupt request lines. If the 
interrupt request line remains active after the end-of-interrupt com- 
mand is issued, another interrupt will be generated if the CPU has 
been told to recognize interrupts. In this mode, the interrupt must 
remain active until the first interrupt acknowledge from the CPU 
has been received. Otherwise, the controller will act as if interrupt 
request line 7 had been active. 


The edge-sensitive mode is the default in this computer. In this 
mode, the interrupt controller recognizes the interrupt on the rising 
edge as an interrupt request line goes active. If the interrupt request 
line remains active after the service routine has been completed 
and the processor is set to recognize interrupts, it will not trigger 
a subsequent interrupt. In this mode, the interrupt must also remain 
active until the first interrupt acknowledge from the CPU has been 
received. Otherwise, the controller will act as if interrupt request 
line 7 had been active. 


Status — There may be occasions where the status of the three 
internal registers needs to be known, particularly by an interrupt 
service routine. Polling of interrupts is also possible, though it is 
not needed in this computer. 


The three internal registers of the interrupt controller, the in-service 
register, the interrupt request register, and the interrupt mask regis- 
ter, can be read by software. The interrupt request register specifies 
all interrupt request lines that are currently requesting service. The 
in-service register specifies all interrupt request lines that are cur- 
rently being serviced by routines. The interrupt mask register 
specifies all interrupt request lines that are currently masked. 
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Cascading — The 8259 can operate in an optional cascade mode. 
This mode, is used in this computer, and allows a single master 
controller to control up to eight slave controllers to access 64 differ- 
ent priority levels. This computer uses one master and one slave 
controller for a total of 15 priority levels. The three cascade lines 
are used in a manner similar to a chip select signal to select between 
different slave controllers. In this mode, each controller is initialized 
separately. Also, at the end of an interrupt cycle, separate end-of- 
interrupt commands (EO!) must be issued for the master and the 
slave controller. 


Interrupt Controller Port Address 


The interrupt controller is treated as an input/output device for pro- 
gramming purposes. Interrupt controller #1 (master) has system 
address 020H — O3FH. Interrupt controller #2 (slave) has system 
address OAOH — OBFH. If AO needs to be cleared, use OUT or 
IN commands to port address 020H. If AO needs to be set, use 
OUT or IN commands to port address 021H. 


Programming Considerations 


The programmable interrupt controller accepts two types of com- 
mands: initialization and operation. Normal operation cannot begin 
until the initialization commands have been issued. Operation com- 
mands allow the 8259 to operate in one of four interrupt modes: 
fully nested mode, rotating priority mode, special mask mode, and 
polled mode. 


Since the system BIOS routines handle both initialization and opera- 
tion of the 8259, we do not recommend programming the chip di- 
rectly. For a complete discussion of the interrupt controller and its 
characteristics, refer to the /APX 86, 88 User’s Manual. 
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Sequence of Operation 


Once the interrupt controller has been programmed, the CPU must 
be instructed to set a bit in its flag register to enable interrupts. 
If one or more circuits generate an interrupt, the system will respond 
as follows: 


1. 


10. 


One or more of the interrupt request lines, labeled IRQO to 
1RQ7 for interrupt request, will go high. 


The controller will check the priorities of the incoming interrupts 
and compare them to others that may also be waiting to be 
serviced. 


The controller will assert the INTRQ line to the CPU. 


The CPU recognizes the interrupt request, completes its cur- 
rent instruction, and places the interrupt acknowledge code 
on the status bus. 


The interrupt controller will resolve the priority of the interrupts 
that are requesting service and prepare the vector address 
value of the selected interrupt line for placement on the data 
bus during the next interrupt acknowledge cycle. 


The CPU generates the second interrupt acknowledge signal. 


Upon receipt of the second interrupt acknowledge signal from 
the CPU, the controller places the 8-bit interrupt vector address 
value on the address/data bus. 


The CPU multiplies the 8-bit value by four to determine the 
actual address in the interrupt pointer (vector) table for the 
interrupt service routine. 


The CPU also disables interrupts by clearing the flag bit in 
its flag register. It then pushes the flag register, IP (instruction 
pointer), and CS (code segment register) values onto the CPU 
stack. 


The new IP and CS values are fetched from the interrupt 
pointer table and control jumps to the routine at that address. 
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11. The interrupt-handling subroutine should push any other CPU 
registers to be used during the service routine onto the stack. 


12. Typically, at the end of the service routine, an end-of-interrupt 
command is sent to the controller. This resets the in-service 
register bit for the service routine, indicating that the routine 
has finished. 


13. Before the routine is exited, the appropriate CPU registers are 
returned from the stack, interrupts are enabled, and control 
returns to the instruction following the one that the CPU com- 
pleted when the interrupt service routine was called. 


There will be variations in this sequence depending upon a number 
of factors, the least of which is the possibility that alternate modes 
can be used by the interrupt controller under program control. How- 


ever, this should provide you an idea of how a typical operation 
takes place. 


Further Programming 


Once programmed, the interrupt controller is ready to accept inter- 
rupt requests through its input lines. Three different command op- 
tions allow the controller to operate in different modes. These com- 
mands, unlike the initialization command words, do not have to be 
in sequential order, but may be sent to the controller as needed. 


Use command word 1 to place a mask in the controller's interrupt 
mask register. Each of the data bits sent to the controller during 
the write operation Corresponds to one of the interrupt request lines. 
Bit 0 corresponds to interrupt request line 0, bit 1 to line 1, and 
So on. If a bit is set (1), the line is masked. If a bit is clear (0), 
the line is not masked. Address line 0 must be set prior to executing 
this write operation to the controller. 


Use command word 2 for the end of interrupt and rotation com- 
mands. It is summarized in Table 14-6. Address line 0 must be 
Clear (0) for the write operation of this command word. 
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Table 14-6. Operation Command Word 2 


Se 


BIT 


DESCRIPTION 


0-2 


These three bits, coded in a binary format, determine the inter- 
rupt level (request line) that is acted upon by the remainder 
of this word. If all three bits are clear (0), then the controller 
programs interrupt request 0. With bit 0 set (1) and bits 1 and 
2 clear (0) the controller will program interrupt request 1; and 
so on. Note that bit 6 of the command word can disable the 
function of these three bits. 
These two bits are clear (0), signifying that this is command 
word 2. 
Determines if an end-of-interrupt command is issued by the 
controller. If the bit is clear (0), the controller will not execute 
the end-of-interrupt command. If the bit is set (1), bit 6 and 
bit 7 determine the type of end-of-command operation exe- 
cuted. 
Enables or disables the use of bits 0 — 2. When set (1), the 
controller enables the first three bits of the command word. 
If this bit is clear (0), the controller disables them. 
Controls all interrupt controller rotation operations. When set 
(1), the controller will perform rotation, based on the state of 
bits 6 and 7 in the command word, as follows: 
e With bits 5 and 6 both set (1), the interrupt request line 
specified by bits 0 — 2 is set to the lowest priority level. 
The remainder of the interrupt request lines will conform 
to the fully nested mode based on this interrupt. 
@ With bit 5 set (1) and bit 6 clear (0), bits 0 — 2 are ignored. 
@ When bit 5 and 6 are both clear (0), the controller will 
not issue the end-of-interrupt command. In this case bits 
0-2 will be ignored. 
@ Ifbit 7is clear (0), the controller will not perform rotation. 


ne 
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The controller uses command word 3 for a number of purposes. 


The functions performed by command word 3 are summarized in 
Table 14-7, 


Table 14-7. Operation Command Word 3 
a 


BIT DESCRIPTION 
eS 
0 This bit determines whether the in-service register or the inter- 


rupt request register will be read by a read register status opera- 
tion. With the bit set (1), the in-service register is read. If this 
bit is clear (0), the interrupt request register is read. 

1 This bit determines whether the controller has issued a read 
register command. With the bit set (1), the controller issues 
a read register command. Unless bit 2 is set (1), bit 0 will deter- 
mine which register is read. 

2 This bit determines if the controller has issued a poll command 
or not. With this bit set (1), the controller overrides bit 1 and 
issues a poll command. If this bit is clear (0), the controller 
will not issue the command. 


3-4 Bit 3 is set (1) and bit 4 is clear (0), signifying that this is com- 
mand word 3. 

5 This bit determines whether the special mask mode is to be 
enabled or disabled. Bit 6 controls the validity of this bit. 

13] If this bit is set (1), then bit 5 will be honored and the special 


mask mode will be enabled or disabled, depending on the status 
of bit 5. If this bit is clear (0), bit 5 will be ignored. 
7 Not used. 
——eeeeeSSSSSSSSSSSSSSSSSSSSSsFFeE 


Pinout 


Table 14-8 describes the pin functions of the programmable interrupt 
controller IC. Refer to Figure 14-2 for an illustration of the pinout. 
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Table 14-8. 8259 Interrupt Controller Pin Functions 


a 


PIN 


SIGNAL 


NUMBER NAME 


nn Eyes 


1 


12-13 


14 
15 


16 


17 


cs 


WR 


DO-D7 


CASO-CAS1 


GND 
CAS2 


SP/EN 


INT 


DESCRIPTION 


Chip select. This active-low input signal enables 
read and write communication (programming) 
between the CPU and the interrupt controller. 
Write. This active-low signal allows the interrupt 
controller to accept command words from the 
CPU. 

Read. This active-low signal allows the CPU to 
read the status of the internal registers of the 
interrupt controller. 

Data line 0 — data line 7. In this computer, the 
data lines are connected directly to address/data 
line 0 — address/data line 7, the bidirectional ad- 
dress/data bus. Command words are sent to, 
and vector and status data is received from, the 
interrupt controller over these lines. 

Cascade line 0 — cascade line 1. These signals 
are used with pin 15 when more than one inter- 
rupt controller is cascaded together, allowing 
control of more than eight interrupt request lines. 
NOTE: Do not confuse these signal names with 
the column address strobe signal lines which are 
also identified as CAS lines. 

Ground. 

Cascade line 2. This signal is used with pins 
42 and 13 when more than one interrupt control- 
ler is cascaded together, allowing control of 
more than eight interrupt request lines. 

NOTE: Do not confuse this signal name with the 
column address strobe signal line 2 which is also 
identified as CAS2. 

Slave program/enable buffer. This line is used 
in installations where more than one interrupt 
controller is cascaded together as an input to 
designate master controller (when tied high) or 
slave controller (when low). In this type of insta!- 
lation, this line acts as an output to control buffer 
transceivers under program control. 

Interrupt. This pin is asserted high when an inter- 
rupt request line is recognized and the service 
routine is requested. It is used to notify the CPU 
of the request. 
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Table 14-8 (continued). 8259 Interrupt Controller Pin 
Functions 


PIN SIGNAL 
NUMBER NAME DESCRIPTION 


18-25 IRQ0—1RQ7_ Interrupt request line 0 — interrupt request line 
7. These asynchronous input lines request an 
interrupt when they are asserted high and held 
in that state until the first interrupt acknowledge 
signal is received from the CPU. 

26 INTA Interrupt acknowledge. This input from the CPU 
is used to carry the interrupt acknowledge signal 
to the controller. Two pulses from the CPU are 
required to complete an interrupt acknowledge 


sequence. 
27 AO Address line 0. This is used as an input control 
line, along with the CS, WR, and RD lines. 
28 Vec +5 VDC power supply. 


+SVDC 


XKKO7> 
INTR 


Figure 14-2. 8259 Interrupt Controller Pinout 
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The 8254 Programmable Interval Timer 


The programmable interval timer generates time delays of varying 
lengths and eliminates the need for software timing loops that are 
subject to such variables as CPU clock speed and interrupt service 
routines. Instead, you can configure the timer to your requirements 
and initialize one or more of the three counters in the timer with 
the desired values. Then, upon command, the timer will count to 
the set value and issue an interrupt request upon completion of 
the task. 


The timer also can be used as a programmable rate generator, 
event counter, binary rate multiplier, real-time clock, digital “one- 
shot’, or complex motor controller. Not all of these functions are 
used in this computer. 


The timer can operate in one of six modes: interrupt on terminal 
count, programmable one-shot, rate generator, square-wave rate 
generator, software-triggered strobe, and hardware-triggered strobe. 
Refer to Figure 14-3, the block diagram of the timer, for the following 
discussion. 


on DATA COUNTER [J Gare o 
BUFFER 
BUS OUT 0 
Yn 
= } 
a 
CONTROL z —CLK 1 
AND — & Sen GATE 1 
ADDRESS = > OUT 1 
BUS Zz 


CONTROL COUNTER 


REGISTERS 


Figure 14-3. 8254 Programmable Interval Timer Block Diagram 
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The timer is divided into six logical sections: data buffer, read/write 
logic, control register, and three counters. 


The data buffer is a three-state, bidirectional buffer that interfaces 
the timer with the address/data bus. Data is sent to or received 
from the bus via IN or OUT commands to ports 040H — 043H. 


The read/write logic accepts the IOR, IOW, CS54, AO, and Aj signal 
lines as inputs to determine the type of operation to be performed 
inside the timer. CS53 controls chip access, while address lines 
0 and 1 determine the type of read or write operation requested. 


The control registers receive the instructions that program the coun- 
ters. The control word for each counter is selected by the value 
in bits 5 and 6. Table 14-9 describes the contents of the registers. 
Since all three registers (one for each counter) are identical, only 
one register is described. 


Table 14-9. Timer Control Registers 


BIT DESCRIPTION 


0 Establishes the counter format: 16-bit binary or 4-digit binary- 
coded decimal. If the bit is set (1), the counter will be in the 
4-digit binary-coded decimal format. If the bit is clear (0), the 
counter will be placed in the 16-bit binary format. 

1-3 Establish the mode for the selected counter. If these bits equal 
zero, mode 0 is selected; 1 selects mode 1; 2 or 6 selects 
mode 2; 3 or 7 selects mode 3; 4 selects mode 4; and 5 selects 
mode 5. Refer to the text for a description of each mode. 

4-5 Control the loading (writing) of the count into the specified 
counter. If the value placed in these bits is 0, the counters are 
latched; if the value is 1, only the most-significant byte will be 
read or loaded; if the value is 2, only the least-significant byte 
will be read or loaded; if the value is 3, the least-significant 
byte will be read or loaded first, followed by the most-significant 
byte. In all cases, the number of bytes (one or two) must be 
read or loaded before a different operation can be applied to 
the specified counter. 

6-7 Specify the counter to receive the operation. If the value is 0, 
counter 0 is specified; a value of 1 specifies counter 1; and 
a value of 2 specifies counter 2. If the value is 3, no counter 
is selected; the value is illegal. 
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Each of the three counters contain two bytes and may be configured 
as either a 16-bit binary counter or a 4-digit binary-coded decimal 
counter. The input, gate, and output lines are configured by the 
modes programmed through the control register during program- 
ming. In addition, each counter may be read selectively without first 
inhibiting the clock input for the counter being read. 


Mode Definitions 


Many of the modes require specific hardware conditions. For exam- 
ple, the gates, clocks, and outputs must be free; not tied to specific 
circuits. Also, while the programming is fully explained in this section, 
many of the functions are not available, since the timer is dedicated 
to specific tasks, as required by PC compatibility. For example, in 
this computer channel 0 drives interrupt request line 0 (IRQO) and 
channel! 1 is dedicated to the refresh timing circuits. This means 
that counters 0 and 1 are not accessible. Channel 2 is available 
to the programmer. This channel is controlled by bit 0 of port B 
in the /O address map (061H — O6FH). The output may be read 
at bit 5 of this port or it may be used to drive the system speaker 
but none of the counters can be controlled fully enough to produce 
special timing signals beyond those allowed by the computer's de- 
sign. 


Interrupt on Terminal Count (Mode 0) — Figure 14-4 illustrates 
mode 0. This mode decrements the counter until it reaches 0 and 
then assert its output line high. 


wen Lt, 3 2 4 


OUTPUT 
(INTERRUPT) (n=4) 


WwRm 
GATE 
OUTPUT 5 4 Ss 2d 8 
(INTERRUPT (m=5) 
A B—-| 


A+B=m 
Figure 14-4. Timing Mode 0 
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The upper set of lines illustrate the counter not receiving any low 
signals on the gate input line. Once the counter has been loaded, 
in this case with a value of 4, the decrementing of the counter starts. 
When the counter reaches zero, the output will go high. Counting 
will not resume until the counter is reloaded. 


The lower set of lines illustrates the counter being affected by the 
gate line. In this case, the counter is loaded with a value of 5. As 
long as the gate line remains high, the counter will decrement. When 
the gate line goes low, the counter will halt, but not reset to its 
original value. When the gate line goes high again, the counter will 
resume decrementing. When the counter reaches zero, the output 
will go high. Counting will not resume until the counter is reloaded. 


In this mode, the output of the counter should be tied to an interrupt 
line of the CPU. 


Programmable One-Shot (Mode 1) — Figure 14-5 illustrates mode 
1. In this mode, the counter acts like a programmable one-shot. 
The output will go low in the clock cycle after the gate is asserted 
high (acting as a trigger). The output will remain low until the counter 
has decremented to zero. If the gate input line goes low and then 
high again, the counter will be reset and will be held low until the 
counter decrements to zero. 


The counter, when acting as a one-shot, is retriggerable. Therefore, 
the output will remain low until the counter has decremented from 
the original value to zero following the rising edge of the gate. The 
rising edge of the gate reloads and reinitiates counting. 


CLOCK | PLELE LIL Py 
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4 $9 *& O 
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TRIGGER Lee 


4 3 2 4 3 2 1 #0 
OUTRUN — —— _— Filie =e ee fp 
Figure 14-5. Timing Mode 1 
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Rate Generator (Mode 2) — Figure 14-6 illustrates mode 2. In 
this mode, the counter will produce a low for one clock cycle on 
its output pin every n clock cycles. As long as the gate remains 
high, the counter will repeatedly decrement the value to zero and 
start over. If the counter's value is changed, the new value will take 
effect for the next counting cycle and not affect the current cycle. 
This action is illustrated in the upper set of lines. 


The gate can be used to synchronize the counter. While the gate 
input is low, the counter will not decrement. When the gate goes 
high, the counter will reloaded with its programmed value and start 
decrementing. This action is illustrated in the lower set of lines. 


When the gate is low, counting is disabled and the output is made 
high. The rising edge of the gate reloads and reinitiates counting. 
When the gate is high, counting is enabled. 


WRn n=4 n=3 


4 3 2 10(4) 3.2 :10(3) 2 1 0 
OUTPUT 


OUTPUT 0.(3) 3.2 10(3) 2:10(3) 2 1 
(n=3) 


RESET J 


Figure 14-6. Timing Mode 2 


Square Wave Rate Generator (Mode 3) — Figure 14-7 illustrates 
mode 3. In this mode, the counter is decremented by two each 
clock cycle rather than by one, effectively cutting in half the time 
it takes to reach zero. 
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If the programmed value is even, the counter is always decremented 
by two. When the counter reaches zero, the state of the output 
will change (for example, from high to low). The counter is then 
reloaded and the decrementing by two starts over. When the counter 
reaches zero, the output state again changes (for example, back 
to high), the counter is reloaded, and the process starts over again. 
This produces an even square wave. 


If the value is odd and the output is high, the first clock cycle will 
decrement the counter by one and then by twos until it reaches 
zero. The clock will then change state to low, the counter will be 
reloaded with the programmed value, and the first clock pulse will 
decrement it by three, then by twos until it reaches zero. This produc- 
es a signal where the output is high for (n+ 1)/2 counts and low 
for (n— 1)/2 counts. 


When the gate is low, counting is disabled and the output is high. 
The rising edge of the gate initiates counting. When the gate is 
high, counting is enabled. 


CLOCK TLELI LEAL i eon | 


4.2 4 2 4 242 4242 4 
OUTPUT 
(n=4) 


OUTPUT 
(n=5) 


Figure 14-7. Timing Mode 3 


Software Triggered Strobe (Mode 4) — Figure 14-8 illustrates 
mode 4. In this mode, the counter, when it reaches zero, will place 
a single pulse that lasts for one clock cycle on its output. Counting 
will begin when the counter is programmed with a value. 


When the gate is low, counting is disabled; when the gate is high, 
counting is enabled. 
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Figure 14-8. Timing Mode 4 


Hardware Triggered Strobe (Mode 5) — Figure 14-9 illustrates 
mode 5. The counter, when it reaches zero in this mode, will place 
a single pulse that lasts for one clock cycle on its output. The counter 
will not start decrementing its value until it senses the rising edge 
of the gate input. The counter is retriggerable and will reload after 
it reaches zero. 


The rising edge of the gate signal initiates counting. 


GATE 


OUTPUT 
(n=4) i 


GATE j 


OUTPUT 
(ied) is 


Figure 14-9. Timing Mode 5 
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Programming Considerations 


The Monitor ROM is used to program the mode and initial value 
in each of the three counters in the timer. In each case a control 
word is placed in the selected counter's register and then the pro- 
grammed number of bytes (one or two) before the counter is started. 


There is no special sequence for programming the timer. For exam- 
ple, you can write a command word to any of the three counters 
without affecting the operation or programming of the other two. 
Suppose you want to load counter 0 with the least-significant byte 
only, counter 1 with both bytes, and counter 2 with the most-signifi- 
cant byte only. The following two sequences both accomplish this 
task. 


Load Sequence 1: 


Load command word 0, 1, and 2. 

Load the most-significant byte in counter 2. 
Load the least-significant byte in counter 0. 
Load the least-significant byte in counter 1. 
Load the most-significant byte in counter 1. 


WM PON= 


Load Sequence 2: 


Load command word 2. 
Load the most-significant byte in counter 2. 
Load command word 0. 
Load command word 1. 
Load the least-significant byte in counter 1. 
Load the least-significant byte in counter 0. 
Load the most-significant byte in counter 1. 


NOaRON> 


NOTE: The only sequence that has to be followed is in loading 
two bytes into a counter. In both examples, the least-significant byte 
is followed by the most-significant byte before the counter can start 
operating. In the last example, the least-significant byte and most- 
significant byte for counter 1 are separated by the least-significant 
byte for counter 0. 
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All counters decrement only; if you load a counter with a value of 
zero, the actual count will equal the maximum value (10,000 in BCD 
and 65,536 in binary). 


The values in the counters may be read. The address lines deter- 
mine which counter is read. Normally you would read the contents 
of the counter with normal read operations. However, you may wish 
to read the value in the counter while it is operating. This presents 
problems because you may not get a valid result while the counter 
is continuing to decrement. The timer offers a method of latching 
the output of the counter so that it is stable while it is being read. 
The counter continues to decrement during the read operations but 
the data remains as it was when it was latched. 


The timer can read or write values to the counters through IN (read) 


and OUT (write) programming instructions. Table 14-10 describes 
each read and write operation that may be performed on the timer. 


Table 14-10. Timer Read and Write Operations 


PORT OPERATION DESCRIPTION 


040H OUT Write (load) counter 0. 

040H IN Read the contents of counter 0. 

041H OUT Write (load) counter 1. 

041H IN Read the contents of counter 1. 

042H OUT Write (load) counter 2. 

042H IN Read the contents of counter 2. 

043H OUT If either bit 4 or bit 5 are set (1), write a control 


word to the specified counter's control register. 
Refer to Table 14-9 for a description of the con- 
tents of the control word. 

If bits 4 and 5 are both clear (0), latch the 
specified counter's value for reading. 


NOTE: The specified counter is identified in bit 
6 and bit 7 of the control word. 


043H IN Place the data buffer in the high-impedance 
state; do not perform any operation. 


Se ne EES 
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Pinout 
Table 14-11 describes the pin functions of the programmable inter- 


rupt controller IC. Refer to Figure 14-10 for an illustration of the 
pinout. 


Table 14-11. 8254 Programmable Interval Timer Pin Functions 


PIN SIGNAL 
NUMBER NAME DESCRIPTION 


1-8 XD7-—XDO Data bit 0 (pin 8) — data bit 7 (pin 1). These pins 
are three-state bidirectional data lines that carry 8- 
bit data to and from the timer's counters. 


9 CLKO Clock 0. This line is tied to the CLK1 and CLK2 
inputs. All three are driven by the same clock input. 
It controls the timing for all three counters in the 
IC. 

10 OUTO Output 0. This line feeds IRQO of the interrupt con- 
troller to initiate INT O8H. 

11 GATEO Gate 0. This line is tied high so counter 0 always 
runs. 

12 GND Ground. 

13 OUT1 Output 1. This pin feeds the memory refresh timing 
circuits. 

14 GATE1 Gate 1. This line is tied high so counter 1 always 
runs. 

15 CLK1 Clock 1. This line is tied to CLKO and CLK2. 

16 GATE2 Gate 2. This pin allows user control over the pro- 
gramming of the third counter. 

17 OUT2 Output 2. This pin is connected to the audio connec- 
tor to drive the system speaker output. 

18 CLK2 Clock 2. This line is tied to CLKO and CLK1. 


19-20 AO-A1 Address line 0 — address line 1. These two lines 
are used to select the port address of the timer. 
Refer to Table 14-10 for the ports used by read 
and write operations. CS is used in conjunction with 
these lines. 

21 cs Chip select. This active-low input line, in conjunc- 
tion with AO and A1, determines the port address 
and actively selects the timer for read and write 
operations. The system line is CS54. 


22 RD Read. This active-low input line will cause the timer 
to perform a read operation. Refer to Table 14-10 
for port addressing. 
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NR 


Table 14-11 (continued). 8254 Programmable Interval Timer 
Pin Functions 


PIN SIGNAL 

NUMBER NAME DESCRIPTION 

23 WR Write. This active-low input line will cause the time 
to perform a write operation. Refer to Table 14-14 
for port addressing. 

24 Vec +5 VDC power supply. 


Figure 14-10. 8254 Programmable Interval Timer Pinout 
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8237 DMA Controller 


Direct memory access (DMA) speeds the transfer of data from one 
memory location, device, or peripheral to another memory location, 
device, or peripheral. The primary advantage of DMA is in moving 
blocks of data. The DMA controller has hardware instructions that 
operate much faster than the software-based CPU instructions. This 
computer uses two 8237 integrated circuits as the DMA controllers. 
Refer to Figure 14-11 for a block diagram of the 8237 DMA control- 
ler. 


INTERNAL ADDRESS 
BUFFERS BUS 


PRIORITY 
CONTROL | ENCODER, } INTERNAL 
BUS TIMING, DATA 
AND BUS BUFFERED 
CONTROL DATA 


BLOCK 
INTERNAL BS 


REGISTERS 


Figure 14-11. 8237 DMA Controller Block Diagram 


The DMA controller transfers data using three methods: single byte 
transfers, defined block transfers, and gated block transfers. The 
second method is controlled with start and end addresses defined 
by CPU instructions. The third method is controlled by an external 
signal. 


The controller circuitry operates in one of two types of cycles: the 
idle cycle or the active cycle. The controller is in an idle cycle when 
the CPU has control of the system bus. During this time, the CPU 
can program the controller or read the status registers. The active 
cycle occurs when the controller has control of the system bus. 
Some of the input lines become output lines so the controller can 
send address and control signals to the system bus. 
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When a transfer of data is necessary, the CPU tells the controller 
where to get the data and where to put it in memory. The controller 
then handles the data transfer. It generates up to 16 address lines 
through address outputs AO-A7. The high-order address is first 
placed on the address bus and latched. The controller only latches 
the high-order address when it changes, speeding the transfer pro- 
cess. The address latches and buffers are enabled by a high on 
the DMA line. A logic array generates all of the memory and input/ 
output read and write signals (MEMR, MEMW, IOR, and lOW) from 
the SO, St, and S2 lines. 


When the DMA is to control the bus, a hold request signal looks 
for the CPU idle cycle, as defined by the SO, S1, and S2 lines. 
When the idle cycle is recognized, the controller locks the CPU 
in ahold state until the transfer is completed. 


A peripheral can request DMA service from the controller on any 
of the DRQ lines. The controller responds to the input by requesting 
a CPU hold and then sending a DMA acknowledge output to the 
peripheral when the CPU enters a hold state. The 8237 design is 
fully implemented for use in this computer. For example, the DMA 
controller contains four separate channels, rotating priority logic, and 
a read buffer. 


Internal Registers 


In this computer, the DMA controllers are initialized at powerup and 
zeros are written to the internal register sets. There are eighteen 
16-bit registers, three 8-bit registers, four 6-bit registers, and two 
4-bit registers inside each DMA controller that store instructions writ- 
ten to the device by the CPU. Refer to Table 14-12 for a description 
of each register. The following paragraphs describe each of the reg- 
isters within the 8237 DMA controller. 
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Table 14-12. 8237 Internal Registers 


REGISTER SIZE NUMBER 
Base address registers 16-bit 4 
Base word count registers 16-bit 4 
Current address registers 16-bit 4 
Current word count registers 16-bit 4 
Temporary address register 16-bit 1 
Temporary word count register 16-bit 1 
Status register 8-bit 1 
Command register 8-bit 1 
Temporary register 8-bit 1 
Mode registers 6-bit 4 
Mask register 4-bit 1 
Request register 4-bit 1 


Base Registers — These registers include the base-address regis- 
ters and the base word count registers. There are two of each of 
these registers for each DMA channel. The values contained in the 
base registers represent the original value placed in the current ad- 
dress and current word registers (discussed later) by the host proc- 
essor. The purpose of the base registers is to load the current regis- 
ters with their base values at initialization. 


The base registers cannot be read by the host processor but values 
can be placed in the registers (simultaneously) when the host proc- 
essor is in program mode. 


Current Registers — There is a current address register and a 
current word count register for each DMA channel. The current ad- 
dress register reflects the source and destination addresses for data 
transfers. During a data transfer any intermediate address values 
are stored in the temporary address register. Each time a data trans- 
fer is completed, the current address register is incremented or de- 
cremented. The current address register can be reloaded with its 
original value through execution of an initialization routine. The origi- 
nal value is supplied by the base address register when the EOP 
(end of process) signal is active. 
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The current word count register is loaded with a value that deter- 
mines how many data transfers to execute. When determining this 
factor, keep in mind that the device will execute one additional trans- 
fer beyond the number that it is programmed to execute. For exam- 
ple, if ten transfers are required by the system, the current word 
count register must be programmed to execute nine operations. 
After each transfer occurs the register is decremented. Intermediate 
values during a given transfer are stored in the temporary word 
count register. The current word count register can be loaded with 
its original value through execution of an initialization routine. The 
original value is supplied by the base word count register when 
the EOP (end of process) signal is active. 


The current registers can be read by the host processor and values 
can be placed in the registers (simultaneously) when the host proc- 
essor is in program mode. 


Status Register — This 8-bit register provides the host processor 
with current status (with regard to DMA) of devices in its environ- 
ment. When the processor reads this register, it can determine which 
channels are programmed to execute an operation and which ones 
have reached a terminal count (completed an operation). Bits 4 — 
7 of the status register indicate that a corresponding channel, if 
used in the system, is requesting service. 


Command Register — The command register contains eight bits 
that control the entire operation of the DMA controller. The host 
processor can dynamically place values in this register when the 
CPU is in program mode. The contents of the register can be cleared 
through a system reset or a clear instruction implemented through 
software. Table 14-13 details the functions of each bit in the com- 
mand register. 
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Table 14-13. Command Register 


BIT 


0 


DESCRIPTION 


When this bit is held to a zero, memory-to-memory transfers 
are not allowed. If this bit is set to a one, then memory-to-mem- 
ory transfers are enabled. 

When this bit is held to a zero, the channel 0 address-hold 
register (temporary register) is disabled. If set to a one, then 
the address-hold register is enabled. Note that if bit 0 is held 
to a zero, then the status of bit 1 is meaningless. 

When this bit is held to a zero, the controller is enabled. If 
this bit is set to a one, the controller is disabled. 

The status of bit 3 affects the controller's timing mode. If bit 
3 is held to a zero, then normal timing will occur. If bit 3 is 
set to a one, then compressed timing will occur. 

The status of bit 4 establishes the priority basis on which the 
controller operates. If bit 4 is held to a zero, then a fixed priority 
basis occurs. If bit 4 is set to a one, then a rotating priority 
basis is initiated. 

The status of bit 5 provides late or extended write selection. 
If bit S is held to a zero, then late write selection occurs. If 
bit Sis set to a one, then extended write selection occurs. 

The status of bit 6 determines the level of the DMA request 
sense line. If bit 6 is held to a zero, the sense line requires 
an active-high signal. If bit 6 is set to a one, the sense line 
requires an active-low signal. 

The.status of bit 7 determines the level of the DMA acknowledge 
sense line. If bit 7 is held to a zero, the sense line requires 
an active-low signal. If bit 7 is set to a one, the sense line 
requires an active-high signal. 


Temporary Register — When a memory-to-memory transfer is tak- 
ing place, this register acts as a holding tank for data. The byte 
is moved into the register, remains there while addressing and other 
bus operations are occurring, and then is moved to its specified 
memory location. After the transfer is completed, the last byte trans- 
ferred remains in the register unless cleared. The last byte can also 
be read by the host processor when in program mode. 
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Mode Registers — The mode register is used to set the operating 
mode of the DMA controller, provide operation status, and select 
an active DMA channel. Each DMA channel has its own 6-bit mode 
register that can be written to by the CPU when it is in program 
mode. Table 14-14 details the function of each bit in the mode regis- 


ter. 


Table 14-14. Mode Register 


BIT 


0-1 


DESCRIPTION 


The status of bits 0 and 1 determines which DMA channel is 
active according to the following logic: 


BITO BIT1 

0 0 Channel 0 
0 1 Channel 1 
1 0 Channel 2 
1 1 Channel 3 


The status of bits 2 and 3 determines read, write, or verify trans- 
fer status according to the following logic: 


BIT2 BIT3 

0 0 Verify 
0 1 Write 
1 ie} Read 
1 1 Invalid 


NOTE: If bits 6 and 7 are both set to one, then the values 
of bits 2 and 3 are meaningless. 


Bit 4 enables the controller's self-initialization routine if it is set 
to a one. If this bit is held to a zero, then self-initialization is 
not possible. 


Bit 5 causes the value in the current address register to be 
decremented if set to a one. If this bit is held to a zero, then 
the address in the current address register will be incremented. 
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Table 14-14 (continued). Mode Register 


BIT DESCRIPTION 


6-7 The status of bits 6 and 7 determines the operating mode in 
which the controller will execute data transfers according to the 
following logic: 


BIT6 BIT7 

0 0 Demand mode 
0 1 Single mode 

1 0 Block mode 

1 1 Cascade mode 


Mask Register — The mask register can be used to disable DMA 
requests on each DMA channel. The values placed in the mask 
register determine which channel is masked or not masked. Table 
14-15 details the function of the bits responsible for masking opera- 
tions. 


Table 14-15. Mask Register 


BIT DESCRIPTION 


0-1 These two bits can be programmed to represent four binary 
logic states. Each condition causes the related DMA channel 
to be masked according to the following logic: 


BITO BIT1 

0 0 Channel 0 masked 
(0) 1 Channel 1 masked 
1 0 Channel 2 masked 
1 1 Channel 3 masked 


De) 


The status of bit 2 either clears each mask bit for each channel 
or enables the conditions explained for bits 0 and 1. If this bit 
is held to a zero, all mask bits will be cleared. If this bit is 
set to a one, the binary combinations of bits 0 and 1 are enabled 
to mask the chosen register. 
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When a master reset occurs (during powerup, for example), each 
bit for each channel is set to one. DMA requests on each channel 
will be disabled until a clear-mask instruction changes the state of 
the appropriate bits. In other words, software can be used exclu- 
sively to control the operation of the mask registers. Table 14-16 
details how a single command can be used to provide the same 
masking as detailed in Table 14-15. 


Table 14-16. Single Mask Command 


BIT DESCRIPTION 


°o 


If held to a zero, DMA channel 0 will not be masked; if set 
to aone, channel 0 will be masked. 


_ 


If held to a zero, DMA channel 1 will not be masked; if set 
to aone, channel 1 will be masked. 


2 If held to a zero, DMA channel 2 will not be masked; if set 
to a one, channel 2 will be masked. 
3 If held to a zero, DMA channel 3 will not be masked; if set 


to a one, channel! 3 will be masked. 


After completion of a given data transfer, the end of process (EOP) 
signal is asserted by the controller. Unless the device has been 
programmed to execute its self-initialization routine, each mask reg- 
ister bit will be placed in a set condition. To prevent masking of 
DMA requests on a given channel after each transfer operation, 
program the 8237 to initialize itself. 


Request Register — The request register is used to prioritize DMA 
requests. !t can respond to requests initiated through software or 
hardware (DREQ signal). The priority of the requests is established 
by an internal encoder network. One request bit that cannot be 
masked is present for each DMA channel. Each of these bits can 
be set under software control. Table 14-17 details the function of 
each bit in the request register. 
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Table 14-17. Request Register 


BIT DESCRIPTION 


o-1 These two bits can be programmed to represent four binary 
logic states. Each condition causes the request bit for each 
DMA channel to be set according to the following logic: 


BITO BIT 1 
0 0 Set channel 0 
0 1 Set channel 1 
1 0 Set channel 2 
1 1 Set channel 3 
2 The status of bit 2 either clears each request bit for each chan- 


nel or enables the conditions explained for bits 0 and 1. If this 
bit is held to a zero, all request bits will be cleared. If this bit 
is set to a one, the binary combinations of bits 0 and 1 are 
enabled to set the request bit in the chosen register. 
eS 


Operation 


The DMA controller operates in either an idle cycle or an active 
cycle, depending on the status of the devices in the system that 
are requesting service. If no service is being requested, the DMA 
controller is idle. It assumes the active state when service has been 
requested. 


When the controller is idle there is no valid software- or hardware- 
generated DMA request on any of the request lines. The controller 
continually samples each request line until one of them asserts an 
active request for service. If no requests occur and the CPU is free, 
the CPU can dynamically program the DMA controller's registers. 
The 8237 chip select signal and the hold acknowledge signal from 
the CPU must both be low to place the controller in program mode. 


The CPU can change values in one of the registers or merely read 
the status of the registers. A 4-bit address applied across lines AO 
— A3 acts as a pointer to the desired register. Values can be read 
or written in a particular register in accordance with the IOR (input/ 
output read) and IOW (input/output write) control signals. 
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As long as no devices in the system (or software) assert active 
DMA request signals, the DMA controller will continue to inspect 
the system and accept programming information from the CPU. 
However, when an active request for DMA service occurs on a chan- 
nel that has not been previously masked, the DMA controller enters 
its active cycle. 


When the 8237 enters the active cycle the first procedure that it 
executes is a hold request (HRQ) to the system CPU. The request 
will be asserted until the processor recognizes it, completes its cur- 
rent operations according to priority, and then issues a hold acknowl- 
edge (HLDA) back to the DMA controller. This acknowledgment in- 
forms the controller that the system busses are at its disposal. 


The 8237 DMA controller can execute data transfers in four different 
modes of operation. Depending on the specific hardware environ- 
ment, different modes may be used to provide excellent system 
throughput and performance. The modes are described in the follow- 
ing paragraphs. 


Single Transfer Mode — In this mode of operation, the 8237 will 
execute one data transfer. The value in the current word count regis- 
ter will be decremented upon completion of the transfer and the 
value in the current address register may be incremented or de- 
cremented (depending on system requirements) upon completion 
of a transfer. If the current word count register increments beyond 
the value of FFFFH, a terminal count indication will occur and the 
controller will initialize itself (if programmed to). Self-initialization is 
discussed in the “Special Features” section. 


During the cycle, the channel asserting the request signal must con- 
tinue to assert it until the CPU issues a hold acknowledge to the 
8237, which then issues a DMA cycle acknowledgement (DACK) 
to the requesting device. When the transfer is completed, the system 
busses are relinquished even if the request for DMA service is still 
active. The cycle would then repeat. 
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Block Transfer Mode — In this mode of operation, the requesting 
device must wait for acknowledgement from the controller, which 
must wait for acknowledgement from the CPU, before the system 
busses will be available. Once the transfer starts, service will con- 
tinue until a terminal count indication is generated. The terminal 
count occurs when the value in the current-word-count register ex- 
ceeds FFFFH. Service may also be stopped if the end-of-process 
signal is asserted. When the transfer stops, the controller will self-in- 
itialize (if programmed to) as discussed in the “Special Features” 
section. 


Demand Transfer Mode — In this mode, transfers will continue 
unless a terminal count (caused by the value in the current word 
count register exceeding FFFH) or end-of-process signal is gener- 
ated or the requesting channel is masked or goes inactive. An ad- 
vantage of this mode is that, if a transfer is made from memory 
to an I/O device that contains some type of data buffer, the transfer 
continues until that buffer is full and the request for service goes 
inactive. The system processor then executes other operations until 
the I/O device’s buffer empties and it issues another request for 
service. Any values that are pertinent to the operation are preserved 
in the current address and current word count registers until the 
operation resumes. In this mode the controller will not self-initialize 
unless it receives an end of process signal. 


Cascade Mode — The cascade mode allows more than one 8237 
DMA controller to be connected to a master controller. The slaves 
have to issue their hold request signals to the master controller. 
The hold-request is issued over the master’s DMA request channel 
and the master’s hold acknowledge signal is distributed to the slaves 
over the DMA acknowledge channel. 


The master maintains direct communication with the system CPU 
to allow the CPU to establish programming values and to allow itself 
to ascertain when the system busses are free. One advantage of 
cascading controllers is that the slave controllers provide a type 
of prioritization over incoming requests for service. If multiple de- 
vices are requesting service, the latter of those devices must wait 
for acknowledgement in a prioritized manner. 
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Special Features 


There are certain features of the 8237 DMA controller that can be 
used to increase overall system performance. These features in- 
clude a memory-to-memory data transfer mode, a self-initialization 
process, a priority management feature, and a compressed timing 
mode. 


Memory-To-Memory Transfers — The 8237 DMA controller can 
perform transfers from one area of memory to a different area of 
memory. If bit 0 in the command register is set to a one, DMA 
channels 0 and 1 are programmed to operate as an interfacing chan- 
nel between one segment of memory and another segment of mem- 


ory. 


The service request for memory-to-memory transfers must occur 
through software because the normal DREQ (DMA request) lines 
are not tied directly to memory. The request and acknowledge logic 
is managed as with a typical hardware request, however. 


During the actual transfer, the controller operates in its block transfer 
mode. The current address register for channel 0 provides the ad- 
dresses of the memory string to be transferred. As the operation 
takes place, this register is incremented or decremented as required. 


The bytes of data that are fetched during the operation are temporar- 
ily held in the controller's temporary register. The current address 
register for channel 1 specifies the address at which the data byte 
is to be placed. This value is incremented or decremented as re- 
quired. The data byte is then passed through channel 1 to the target 
memory location. 


The channel 1 current word count register is decremented until it 
counts beyond OOOOH (rolls under to FFFFH). It then generates a 
terminal count which causes an end of process signal to be issued 
to the system. External end of process signals will also terminate 
the operation. 
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Self-Initialization — When bit 4 of the mode register is set to a 
one, it allows the controller to be placed in the self-initialization 
mode. During normal transfers, values in the current address regis- 
ter and current word count register may be changed. When an oper- 
ation is completed, these registers contain their last hexidecimal 
value. Self-initialization clears these registers and then loads them 
with default values. 


The base address register and base word count register contain 
the default values that are loaded into the current address register 
and current word count register. This process occurs after detection 
of an end of process signal. After self-initialization, DMA operation 
can occur without intervention whenever a valid request is made. 


Priority Management — The 8237 DMA controller can prioritize 
DMA service on a fixed priority basis or a rotating priority basis. 
These options can be selected through software. 


Fixed priority simply means that channel 0 has priority over channel 
1 and that channel 3 has lower priority than channel 2 if no requests 
for service have been made. Whenever a request is serviced and 
an operation is occurring through a given channel, that channel has 
priority over any other channels. When the operation is completed, 
channel 0 will be checked for a service request, then channel 1, 
and so on. 


Rotating priority means that the channel currently performing an 
operation will have the lowest priority after the operation is com- 
pleted. The advantage to rotating priority is that each channel re- 
ceives service at least once every fourth service request. This pro- 
vides a well-balanced environment for DMA operations and prevents 
prolonged service through one specific channel. 


Compressed Timing — The compressed timing mode allows great- 
er throughput in those systems that can support it. Basically, the 
controller executes the same operation in only two clock cycles. 
This mode should not be used if system timing requirements are 
such that bus contention will occur or data set-up times will not 
be met. 
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Programming Considerations 


The 8237 DMA controller may be dynamically programmed by the 
CPU whenever the HLDA line is held inactive. Even if a request 
for the system busses is being made by the 8237, the CPU can 
still provide instructions to the controller. The CPU must not attempt 
to program the DMA controller whenever HLDA is active. 


NOTE: If a request for DMA service occurs over an unmasked re- 
quest line while the CPU is attempting to specify a particular ad- 
dress, that address may be corrupted. Then, when the operation 
is carried out, the DMA controller will attempt to address the wrong 
memory location, and therefore transfer the wrong byte of data. 
Therefore, it is good practice to mask each of the request lines 
before you attempt to dynamically program the 8237 DMA controller. 


Pinout 


Table 14-18 describes of the function of each pin in the 8237 DMA 
controller. Refer to Figure 14-12 for the pin locations. 


Table 14-18. 8237 Pin Functions 


PIN SIGNAL 

NUMBER NAME DESCRIPTION 

1 TOR Input/output read. When this signal is as- 
serted, it instructs the controller that a read 
operation over the I/O data bus is to occur. 

2 IOW Input/output write. When this signal is as- 
serted, it instructs the controller that a 
write operation over the I/O data bus is 
to occur. 

3 MEMR Memory read. When this signal is as- 
serted, it instructs the controller that a read 
operation from memory is to occur. 

4 MEMW Memory write. When this signal is as- 


serted, it instructs the controller that a 
write operation to memory is to occur. 
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Table 14-18 (continued). 


PIN 
NUMBER 


SIGNAL 


NAME 


8237 Pin Functions 


DESCRIPTION 


10 


11 


12 


READY 


HLDA 


ADSTB 


AEN 


HRQ 


CLK 


Not used. 


This signal is asserted to accommodate 
slow memory accesses or I/O operations. 
It causes extra time during these opera- 
tions to make sure that data has a valid 
set-up time. 


Hold acknowledge. This signal is issued 
by the CPU in response to a hold request 
by the 8237. When asserted, the DMA 
controller can take over the system busses 
to complete a data transfer. 


Address strobe. On a low-to-high transi- 
tion, this signal causes the upper address 
byte to be transferred into its appropriate 
latch. 


Address enable. This signal allows the 
eight upper bits of the address bus to be 
placed onto the system address bus. It is 
also used for bus arbitration during trans- 
fers. 


Hold request. This signal is asserted by 
the 8237 to request control of the system 
busses. When the CPU recognizes the re- 
quest, it issues a hold acknowledge to the 
8237. 


Chip select. When the chip select signal 
is active-low, it enables the DMA controller 
to be used as an I/O device to handle data 
transfers. 


Clock. This signal controls the operation 
of the internal register structure and deter- 
mines the rate at which data transfers 
occur. 
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Table 14-18 (continued). 8237 Pin Functions 
PIN SIGNAL 
NUMBER NAME DESCRIPTION 
13 RESET This active-high signal causes the status 
of all internal registers of the 8237 to be 
cleared. After an active RESET, the con- 
troller enters an idle state. 
14 DACK2 DMA acknowledge channel 2. 
15 DACK3 DMA acknowledge channel 3. 
16-19 DREQ3-DREQO DMA request channel! 3- DMA request 
channel 0. 
20 GND Ground. 
21-23 DB7 -— DB5 Data bus. Data bit 7 — data bit 5. 
24 DACK1 DMA acknowledge channel 1. 
25 DACKO DMA acknowledge channel 0. 
26-30 DB4-—DBO Data bus. Data bit 4 — data bit 0. 
31 Vcc +5 VDC. 
32-35 AO-—A3 Address bus. Address bit 0 — address bit 3. 
37-40 A4-A7 Adgress bus. Address bit 4 — address bit 3. 
36 EOP End of process. This signal indicates com- 


pletion of a DMA data transfer. 


i 
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XDRQ6 


XDRO7 


Figure 14-12. 


8237 DMA Controller Pinout 
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The MC146818A Real-Time Clock 


The Advanced Desktop Computer Series includes an internal real- 
time clock to maintain the system time and date. The MC146818A 
is the device that controls these operations. Unlike the other support 
circuits discussed in this chapter, the real-time clock is located on 
the backplane board. This device includes several useful features: 


A time-of-day clock with alarm and 100-year calendar 
Programmable periodic interrupt 

50 bytes of on-chip static RAM 

Automatic end-of-month and leap year adjustments 
Daylight saving time option 


Complete technical specifications for this device, including operating 
characteristics and timing diagrams, may be found in the Motorola 
Microprocessors Manual, published by Motorola. The following ma- 
terial is a summary of that information. 


Architecture 


The MC146818A is a peripheral device used to keep track of real 
time. Although the device has a number of other capabilities (refer 
to the manufacturer's specifications), in this computer it serves as 
the system time piece. It records and tracks the current date and 
time even when the computer is turned off. It also automatically 
tracks the end-of-month, leap years, and daylight saving time. The 
internal 100-year calendar ensures accurate date recording for the 
life of your computer system. Figure 14-13 is a block diagram of 
the MC146818A real-time clock. 
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Figure 14-13. MC146818A Real-Time Clock 


DIVIDER 
CONTROL 


UPDATE 
COUNTER 
CIRCUITS 


Internal Registers 


Most of the MC146818A consists of 14 bytes used as registers to 
record timekeeping information and 50 bytes of RAM. In addition 
to the memory storage areas, the device incorporates a binary di- 
vider to control interrupt selection and a bus interface to move data 
to and from the system bus lines. Figure 14-14 illustrates the internal 
memory map of this device. 
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04 BINARY 
OR BCD 
05 DATA 
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Figure 14-14. Internal Address Map 


Of the 14 bytes used for timekeeping information, the first 10 bytes 
contain specific time-related information. The remaining four regis- 
ters are used to record status information for the device. The status 
bytes are not totally accessible to programmers. Registers C and 
D are read-only registers. Bit 7 in register A is also read-only. In 
addition, the high-order bit of the seconds byte is a read-only bit. 
Figure 14-15 details the organization of the four internal status regis- 
ters. Refer to this figure as you read the following material. 


Piet ye le 
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Figure 14-15. MC146818A Status Registers 


REGISTER A READ /WRITE 


REGISTER B READ /WRITE 
REGISTER C READ ONLY 


REGISTER D READ ONLY 
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Register A 

Each bit in register A can be read or written with the exception 
of bit 7 which is a read-only bit. Table 14-19 describes the functions 


of the bits in this register. 


Table 14-19. Register A Bit Operations 


-_-_--— 


BIT NAME DESCRIPTION 
a 
0-3 RSO-RS3__ Rate selection bits 0 through 3. These bits allow 


the programmer to select one of 15 separate 
taps on the internal 22-stage divider. This estab- 
lishes the rate for the periodic interrupt cycle. 
(Table 14-20 details these selection options.) 

4-6 DVO-DV2 __ Divider selection bits 0 through 2. The program- 
mer uses these bits to reset the internal divider 
chain in the MC146818A. 

z UIP Update in progress bit. When this status flag is 
set (1), an update cycle is in progress or due 
to begin. When this bit is clear (0), the time, 
calendar, and alarm information is available to 
the programmer. If the bit is clear, another up- 
date cycle will not start for at least 244 ys. 


Table 14-20. Periodic Interrupt Time Interval Options 


RSO RS1 RS2 RS3 RATE 


ee SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSMMMMMMhhheseseee 


0 0 0 0 None 

0 0 0 | 3.90625 ms 
0 (¢) 1 0 7.8125 ms 
0 (¢) 1 1 122.070 ps 
0 1 0 0 244.141 us 
0 1 0 1 488.281 us 
0 1 1 0 976.562 ps 
0 1 1 1 1.953125 ms 
1 0 0 0 3.90625 ms 
1 0 0 1 7.8125 ms 
1 0 1 0 15.625 ms 
1 0 1 1 31.25 ms 

1 1 0 0 62.5ms 

1 1 0 1 125 ms 

1 1 1 0 250 ms 

1 1 1 1 500 ms 


eo SSS 
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Register B 


All of the bits in register B can be read or written by the programmer. 
Table 14-21 describes the functions of the bits in this register. 


Table 14-21. Register B Bit Operations 


BIT NAME DESCRIPTION 

a Ss 

0 DSE Daylight saving time bit. If this bit is set (1), then 

the daylight saving time option is enabled. This will 

cause special updates to occur in April and October 
of each year. 

24 hour/12 hour mode select. If this bit is set (1) 

then the 24 hour mode selection is active. 

2 DM Data mode bit. This bit determines whether updates 
are to occur in binary or BCD format. A 1 in this 
bit sets the mode for binary updates. 

3 SQWE Square-wave enable bit. In systems where this sig- 
nal is connected, a set bit will produce a square 
wave output at the frequency selected by the rate 
selection bits in register A. 


no 
& 
= 
iN) 


4 UIE Update-ended interrupt enable bit. If set, this bit al- 
lows the update-end flag bit in register C to assert 
IRQ. 

5 AIE Alarm enable interrupt bit. If this bit is set, the alarm 
flag bit in register C can assert the IRQ line. 

6 PIE Periodic interrupt enable bit. If set, this bit allows 


the periodic interrupt flag in register C to assert the 
IRQ line. The rate of this interrupt is determined 
by the rate selection bits in register A. 

7 SET When this bit is clear, the update cycle will advance 
the register counts once per second. 


ee 
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Register C 


Register C is one of two read-only registers in this set. The informa- 
tion in register C is returned by the MC146818A so that a program 
can obtain current status. Table 14-22 describes the bit functions 
in this register. 


Table 14-22. Register C Bit Operations. 


BIT NAME DESCRIPTION 
0-3 = Used. 
4 UF Update-ended interrupt flag. This flag is set at the 


end of each update cycle. If the UIE bit in register 
B is also set, the IRQF bit will set, asserting the 
TRQ line. 

5 AF Alarm interrupt flag. If this bit is set at the end of 
a cycle, it means that the current time matches the 
stored alarm time. If the AIE bit in register B is also 
set, IRQF will set, asserting the IRQ line. 


6 PF Periodic interrupt flag. When this bit is set (1), the 
IRQF bit will also be set if PIE is set. 
7 IRQF Interrupt request flag. This bit is set (1) if one or 


more of the following conditions are true: PF and 
PIE are set, AF and AIE are set, or UF and UIE 
are set. 


Register D 


Register D is the second read-only register in the MC146818A. Only 
bit 7, the valid RAM and time (VRT) bit is used. This bit reports 
the status of the 50 bytes of RAM within the MC146818A. As long 
as this bit is set, the contents of the onboard RAM and clock registers 
is valid. If this bit is clear, it indicates that power has dropped below 
a nominal level. If this happens, assume that the contents of internal 
clock registers and RAM are no longer valid. Whenever register 
Dis read, bit 7 will be set 


Time, Calendar, and Alarm Registers 


Ten registers store information about the current time, date, and 
alarm status in the MC146818A. These registers may be initialized 
or read by a program except when an update cycle is in progress. 
Table 14-23 details the available data modes for these registers. 


EI 
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Table 14-23. Time, Calendar, and Alarm Data Modes 


i 


REGISTER FUNCTION DECIMAL RANGES 
RANGE  BINARYDATA BCDDATA 

ne, 
0 Seconds 0-59 00-3B 00-59 
1 Seconds alarm 0-59 00-3B 00-59 
2 Minutes 0-59 00-38 00-59 
3 Minutes alarm 0-59 00-3B 00-59 
4 Hours: 

12 hour format 1-12 01-0C 01-12 (A.M.) 

81-8C 81-92 (P.M.) 

24 hour format 0-23 00-17 00-23 
5 Hours alarm: 

12 hour format 1-12 01-0C 01-12 (A.M.) 

81-8C 81-92 (P.M.) 

24 hour format 0-23 00-17 00-23 
6 Week day 1-7 01-07 01-07 (Sunday = 1) 
7 Month date 1-31 01-1F 01-31 
8 Month 1-12 01-0C 01-12 
9 Year 0-99 00-63 00-99 
a eve ae ree 
Operation 


The final output of the 22-stage binary-divider is a 1 Hz signal used 
to update the time keeping information. Once each second all ten 
bytes are switched to the update logic. When this happens a set 
sequence of events starts. First, the seconds byte is incremented 
and then checked for overflow. Next, the minutes byte is incre- 
mented, if necessary, and then tested for overflow. This process 
of incrementing a byte where required and testing for an overflow 
condition continues through the last timekeeping register. If a pro- 
gram attempts to read this information during an update cycle, it 
will receive undefined data. 


Whenever an update cycle is in progress, the MC146818A switches 
the timekeeping registers off the system bus to prevent the system 
from reading transitional data. At the end of this process each alarm 
byte is compared with its corresponding time byte. If all three match, 
the MC146818A issues an alarm. 
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Programming 


All the information necessary for programming the MC146818A is 
contained in the device data sheets from the manufacturer. The 
device can be accessed at memory address locations 070H and 
071H. Address 070H is accessed first to select the desired register 
in the real-time clock. The most-significant bit of this address 
is the non-maskable interrupt bit. Be careful that you do not 
inadvertently disable this interrupt. Once the register has been 
selected, access the location at 071H to perform the read or write 
operation. The information in the following paragraphs highlights 
some of the more important points. 


Initialization 


When first attempting to program the device, check the status of 
the VRT bit in register D. If this bit is set, the data in the clock 
registers is valid and may be used immediately. If the bit is clear, 
you will have to initialize the device. 


Start initialization by setting the SET bit in register B. This will disable 
updates while you are entering initial values into the clock registers. 
After setting your time options, formats, and initial values, (all using 
the same data format), be sure to read register D prior to exiting 
your routine. This will set the VRT bit in that register, indicating 
that the current information is valid. Your final step should be to 
clear the SET bit in register B, enabling updates again. Updates 
will begin one-half second after this bit is clear. 


Once the device is initialized, it will perform updates according to 
the selected data mode. It is not possible to change the data mode 
without re-initializing the 10 data bytes of clock information. 


The clock alarm bytes may be set several different ways. The follow- 
ing is a summary of these modes: 


@ Setting the alarm bytes to a specific time will cause a recurring 
alarm at that time each day. 
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e Ifa “don’t care” condition (the two most-significant bits of the 
byte are set) exists in the hours byte, an alarm interrupt results 
each hour. 


e If both the hour and minutes bytes contain a “don’t care” condi- 
tion, an alarm interrupt will occur each minute. 


e lf all three time bytes (hour, minute, and second) are set to 
“don't care”, the alarm interrupt repeats each second. 


Interrupts 


The MC146818A has three separate interrupt sources available to 
the system. The real-time clock can generate an alarm interrupt, 
a periodic interrupt, or an update-ended interrupt. The control for 
these interrupts resides in three bits in register B, the AIE bit, the 
PIE bit, and the UIE bit. 


The alarm interrupt enable bit (AIE) controls the alarm associated 
with the normal clock functions. When the three time bytes match 
the three alarm bytes and the AIE bit is set, an alarm interrupt will 
occur each second the condition is true. Setting the AIE bit allows 
the AF flag in register C to toggle when this condition is true, assert- 
ing the device IRQ line. An active condition on the device RESET 
line will clear the AIE bit. 


The periodic interrupt enable bit (PIE) works with the PF bit in regis- 
ter C and the rate selection bits (RSO — RS3) in register A. When 
enabled, this bit activates a recurring interrupt. The repetition rate 
is determined by the value selected by the rate selection bits. When 
the bit is set, the PF flag will toggle, asserting the IRQ line at the 
selected rate. Clearing the PIE bit prevents the IRQ line from becom- 
ing active but the PF flag will still toggle at the selected rate. Like 
the AIE bit, the PIE bit will be cleared when the RESET line is 
active. 


The update-enabled interrupt bit (UIE) is the last of the three inter- 
rupts. If this bit is set, it enables the UF flag in register C, asserting 
the device IRQ line. This bit is set by the MC146818A at the end 
of each update cycle. This bit may be cleared by activating the 
RESET line or by setting the SET bit in register B. 
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Each of the interrupts above operates independently of the other 
interrupt bits in the B register, but they are associated with their 
corresponding flag bits in register C. Each interrupt may operate 
in the flag mode or the fully enabled mode. The difference in their 
operation relates to the activation of the IRQ line. 


Operation in the fully enabled mode is essentially as described 
above. An interrupt event occurs, the flag bit toggles, and, if the 
interrupt bit is set, the IRQ line for the device goes active. Flag 
mode alters this operating sequence slightly. In this mode the iRQ 
line is not allowed to become active. In either case, the flag bit 
will toggle as long as an interrupt event occurs, regardless of the 
setting of the enable bit. This means that a program can monitor 
the flag bits without actively causing an interrupt request. In this 
case, the flag bit becomes a status bit as far as software is con- 
cerned. 


One precaution is necessary when working with the interrupts. 
Whenever register C is read, all flag bits are cleared. If more than 
one interrupt is pending, it could be lost. Any program that has more 
than one interrupt enabled should check all the flag bits. If a program 
needs to know if the real-time clock generated an interrupt, it should 
check the IRQF bit in register C. This bit is set whenever the IRQ 
line goes active. Like the other flag bits in this register, a read of 
register C will clear this bit. 


Update Cycle 


The update cycle for the MC146818A occurs once each second 
and lasts for 1984 ws. During this time, the data in the timekeeping 
registers is not available to the system. It is possible for a program 
which randomly reads the time and date information to find that 
this data is not available. Three separate methods are recom- 
mended to handle this situation. 


One method uses the update-ended interrupt. This interrupt goes 
active at the end of each update cycle, if it is enabled. When this 
bit is set, approximately 999 ms are available in which to read the 
time and date. A procedure that uses this method should clear the 
IRQF bit in register C before leaving the interrupt service routine. 
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Another method takes advantage of the update-in-progress bit (UIP) 
in register A. The UIP bit will go active whenever an update cycle 
is in progress. After this bit is set, the next update cycle will begin 
in 244 ps. If a program finds that this bit is clear, then a minimum 
of 244 us are available to read data. If the bit is set, the time and 
date information is not valid. 


The final method uses the periodic interrupt to determine if an update 
cycle is in progress. If a periodic interrupt occurs at a rate greater 
than once each 2228 ps, sufficient time is available to read time 
and date information at each periodic interrupt. The read must be 
completed within a set time factor. This time factor is the periodic 
interrupt time interval (refer to Table 14-20) plus 244 ys. If this factor 
is exceeded, the data will not be valid. 


Memory 


The MC146818A contains 50 bytes of static RAM that are available 
to the system. In this computer, that memory is reserved for use 
by the Monitor ROM Setup/Configuration program. 


The Setup/Configuration program configures the computer to your 
requirements. (Refer to Chapter 5 for specific details.) The informa- 
tion is retained in the static RAM in the MC146818A so that it can 
be recalled each time the computer is powered-up. 


CAUTION 


If you attempt to access this memory, you could uninten- 
tionally erase memory information or cause alterations 
that could damage the computer. At the very minimum, 
you may change the configuration so that you will need 
to re-run the SETUP program before you can use the 
computer again. 
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Pinout 


Table 14-24 describes the pin functions of the real-time clock IC. 
Refer to Figure 14-16 for an illustration of the pinout. 


Table 14-24. Real-Time Clock Pin Functions 


PIN 
NUMBER 


1 


12 
13 


15 


SIGNAL 
NAME 


MOT 


Osc1 


osc2 


ADO —-AD7 


vss 


DESCRIPTION 


Motel. This pin allows the device to use differ- 
ent types of bus systems. When connected 
to +5 VDC the device uses Motorola timing. 
If this line is connected to ground, alternate 
timing may be used. 

Oscillator 1. This line is used when the device 
is connected to an external time base. Pin 
3 (OSC 2) is left open in this case. 

Oscillator 2. This line is used with pin 2 to 
connect the device to an external crystal os- 
cillator circuit. This is the configuration used 
in this computer. 

Address/data lines. This is the multiplexed, 
bidirectional address/data bus. Address infor- 
mation presented on lines ADO — ADS5 is 
latched just prior to the fall of AS/ALE. Write 
data is present during the latter portion of the 
DS or WR cycles. Data to be read is present 
during the latter portion of the DS or RD cy- 
cles. 

+5 VDC supply voltage input. 

Chip select. This signal must be active if the 
device needs to be accessed. 

Multiplexed address strobe. A positive going 
transition on this line will demultiplex the bus. 
The falling edge of this signal latches the ad- 
dress on the bus. 

Read/write. The operation of this signal de- 
pends on the condition of the MOT line. In 
this computer the line is handled in the same 
fashion as a write pulse for a memory device. 
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Table 14-24 (continued). Real-Time Clock Pin Functions 
poate a Drea inn eee ee CoP Ces 
PIN SIGNAL 

NUMBER NAME DESCRIPTION 


a S 


16 STBY Stand-by. When this pin goes low, the 
MC146818 cannot be accessed. This will 
place the device in stand-by mode allowing 
battery backup. 

17 DS Data strobe. The function of this pin also de- 
pends on the status of the MOT line. In this 
computer the signal is interpreted as a read 
signal. 

18 RESET Reset. This signal is required to insure a 
stable power supply for the device. It does 
not affect the operation of the clock, calendar, 
or RAM. 

19 IRQ Interrupt request. As long as the status bit 

: causing the interrupt is present while the in- 
terrupt enable bit is set, this line will remain 
active. It may be cleared in one of two ways. 
A RESET signal will clear pending interrupts. 
If register C is read this will also clear the 
interrupt. 

20 CFKS Clock out frequency select. This signal can 
be tied to either +5 VDC or ground. When 
tied to +5 VDC, as in this computer, it causes 
the CKOUT signal to have the same fre- 
quency as the OSC1 signal. 

21 CKOUT Clock out. Not used in this computer. 

22 PS Power sense. Not used in this computer. 

23 SQW Square wave. Not used in this computer. 

24 GND Ground. 


Page 14-64 
Support Circuits 


DCOK 


RTCDATAO RTCVDD 
RTCDATAL 
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RTCDATA4 
RTCDATAS 
RTCDATA6 
RTCDATA7 


MC146818A RTCOSCe2 


Figure 14-16. Real-Time Clock Pinout 


System Control Processor 


The system control processor (SCP) is the final major support device 
used in this computer. The SCP is a single dedicated processor 
that performs a number of functions in the computer, including: 


Control of keyboard communications 
Control of access to the system slushware 
Monitoring of video output options 
Monitoring of the keyboard inhibit signal 
Support for CPU protected mode operations. 


oe RR woh 
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The SCP must accomplish these tasks and operate in a manner 
that is compatible with normal advanced computer operations. The 
SCP can also perform special enhanced functions that are not avail- 
able in other PC-compatible systems. The programmer should be 
aware that programs that use these special Zenith functions may 
not operate properly on other PC-compatible computers. 


The SCP is an Intel 8042 Universal Peripheral Interface, 8-bit Slave 
Microcontroller. It contains a specific control program that dictates 
how the device will respond to any combination of given inputs. 
Although the programmer cannot access the internal control pro- 
gram, various registers and ports are accessible to determine status 
conditions related to the functions that the SCP controls. 


The Status Register 

The status register is an 8-bit, read-only register located at I/O port 
address 64H. The register contains information concerning the 
status of SCP operations. Table 14-25 defines the bits for this port. 


Table 14-25. SCP Status Register Bit Definitions 


BIT DESCRIPTION 


0 Output buffer full. When this bit is set, the output buffer is full. 
The bit will be reset to 0 when the buffer is read. The output 
buffer should not be read until this bit is set. 


1 Input buffer full. When this bit is set, the buffer contains data 
that the SCP has not yet read. When the SCP reads the buffer 
the bit will be reset to 0. 


2 System flag. The system monitors this bit during the reset 
routine. When the bit is clear (0), it indicates that the reset 
was caused by a normal power up condition. After successful 
completion of the internal self test, the SCP sets this bit to - 
Ti; 


3 Command/data. The SCP uses this bit to determine whether 
the data in the input buffer is a command or data. If the bit 
is set, the SCP interprets the byte as a command. If the bit 
is clear, the SCP considers the byte as data. 
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Table 14-25 (continued). SCP Status Register Bit Definitions 
a ee 


BIT DESCRIPTION 
ee 
4 Inhibit switch. If this bit is set, the keyboard is enabled. This 


bit is updated whenever data is available in the output buffer. 


5 Transmit time-out. The SCP sets this bit if it starts a transmis- 
sion that it cannot complete properly. 


6 Receive time-out. The SCP sets this bit when the keyboard 
controller fails to complete a transmission within the pro- 
grammed delay period. 


7 Parity error. This bit indicates the parity of the last byte received 
from the keyboard. A 1 indicates even parity; a 0 indicates odd 
Parity. (The keyboard controller transmits with odd parity) 

eee 


Buffers 


The input and output buffers allow data to move in and out of the 
SCP. Both of these buffers are 8-bits wide with distinctly different 
operations. 


The input buffer is a write-only register located at I/O port address 
60H or 64H. The difference in the addresses indicates the contents 
of the register. A write to I/O address 60H indicates that the buffer 
contains data. A write to I/O address 64H indicates that the buffer 
contains a command for the SCP. Data received at I/O address 
60H is normally sent to the keyboard controller uniess the SCP 
is expecting data following a command. Do not write to the input 
buffer unless bit 1 of the status register is clear. 


The output buffer is a read-only register located at I/O address 60H. 
This buffer contains scan codes from the keyboard controller or data 
bytes requested by the system. This buffer should only be read 
when bit 0 of the status register is set. 
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SCP Commands 


Whenever a write to I/O port address 64H occurs, the SCP expects 
to receive a valid command instruction. Table 14-26 describes the 
commands that the SCP recognizes. 


Table 14-26. SCP Commands 


ee 


COMMAND DESCRIPTION 


EEE 


20 


60 


AB 


AC 


AD 


AE 


Read SCP command byte. The SCP places the current com- 
mand byte in the output buffer. 


Write SCP command byte. The next byte received at address 
60H is taken as the SCP command byte. Table 14-27 de- 
scribes the bit definitions for this byte. 


SCP Self-test. On receiving this command, the SCP will per- 
form internal diagnostics. If no errors are found, the SCP 
places 55H in the output buffer. 


SCP interface test. On receiving this command, the SCP 
will perform tests on the keyboard clock and data lines. One 
of the following results will appear in the output buffer: 


00 — Noerrors detected. 
01 — Keyboard clock low. 
02 — Keyboard clock high. 
03 — Keyboard data low. 
04 — Keyboard data high. 


SCP dump. The SCP will return 16 bytes of data, in scan- 
code format, to the system. This data consists of SCP mem- 
ory, the input and output port status, and the SCP status 
word. 


Disable keyboard. This command disables the keyboard. 
The SCP will set bit 4 in the command byte, forcing the 
clock line low. Data cannot be sent or received. 


Enable keyboard. This command enables the keyboard by 
clearing bit 4 in the command byte. 
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Table 14-26 (continued). SCP Commands 
Se ee 
COMMAND DESCRIPTION 
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B7 Enable slushware write. This command allows the program- 
mer to access the slushware memory area. This command 
must be followed with a three-byte instruction sequence to 
enable writes. The required sequence is 76H, 92H, and 04H. 
If this sequence is altered, or not supplied, unpredictable 
results may occur. 


B8 Disable slushware writes. This command essentially returns 
the slushware to its normal write protected state. Like with 
the previous command, a three-byte command sequence 
must follow the command. The required sequence is F8H, 
4BH, and 69H. 


BQ Return SCP version. This command returns a one-byte BCD 
value to check the device version number. For example, if 
the device returns the value 22H, then the version number 
is 2.2. 


co Read input port. The SCP will read the input port and place 
the data in the output buffer. This should only be done when 
the output buffer is empty. 


DO Read output port. The SCP will read the output port and 
place the data in the output buffer. Like with the read input 
command make sure the output buffer is empty. 


D1 Write output port. The next byte of data received at port 
address 60H will be placed in the SCP’s output port. 


NOTE: Bit 0 in the SCP output port is connected to system 
reset. Do not write this bit low. 


EO Read test inputs. On receiving this command, the SCP will 
read the TO and T1 inputs and place the data in the output 
buffer. Bit 0 represents TO and bit 1 represents T1. 
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Table 14-26. SCP Commands 


no nn Ee 


COMMAND DESCRIPTION 

a 

FO-FF Pulse output port. The SCP is capable of pulsing bits 0 - 
3 low for approximately 6 microseconds. Bits 0 — 3 of this 
command correspond to the bits of the output port. A bit 
is pulsed by placing a zero in that bit location. 


NOTE: The value FE, if used, will cause the SCP to issue 
areset command to the 80386 processor. 


Table 14-27. SCP Command Byte Description 


BIT DESCRIPTION 

0 Enable output-buffer-full interrupt. If this bit is set, the SCP will 
generate an interrupt when it places data in the output buffer. 

1 Reserved. This bit should always remain a zero 


System flag. The SCP places the value of this bit in the system 
flag bit of the status register. 


3 Inhibit override. Setting this bit enables normal keyboard opera- 
tion. 

4 Disable keyboard. Placing a one in this bit location disables 
the keyboard. 

5 Zenith mode. Placing a one in this bit causes the SCP to change 


modes. The SCP will not check parity or convert scan codes 
while in this mode. 

6 PC-Compatible mode. When this bit is set, the SCP will convert 
scan codes from the keyboard controller into codes used by 
PC-compatible computers. 

7 Reserved. This bit should always remain a zero. 
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Keyboard Operations 


Probably the one task that takes up the majority of time in the SCP 
is keyboard control. The SCP receives serial keyboard data, per- 
forms parity checks, translates scan codes, and presents the data 
as a byte of information in an output buffer for the system to use. 
Each time a byte of data is available in the output buffer, the SCP 
will transmit an interrupt request for system service. The SCP can 
also send data to the keyboard. 


Receiving Keyboard Data 


Data received from the keyboard consists of 11 bits in the format 
illustrated in Figure 14-17. When the transmission is complete, the 
keyboard controller disables the interface until the system accepts 
the transmitted byte. If the received byte contains parity errors, the 
SCP will have the keyboard controller retransmit the invalid byte. 
The SCP indicates a received parity error to the system by placing 
the value FFH in the output buffer and setting the parity bit in the 
status register. The SCP can also time-out a data transmission from 
the keyboard controller. If a data transmission is not completed with- 
in two milliseconds, the SCP will place FFH in the output buffer 
and set the receive time-out bit in the status register. 


11 9 0 


START BIT 
PARITY BIT (ODD) 
STOP BIT 


Figure 14-17. Keyboard Data Format 
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Sending Keyboard Data 


Data sent to the keyboard by the SCP uses the same format as 
that illustrated in Figure 14-17. The data is sent in serial mode with 
an odd parity bit automatically inserted. The keyboard controller 
must start clocking the data out of the SCP within 15 milliseconds 
and complete transmission within 2 milliseconds. If not, the SCP 
will place an FEH in the output buffer and set the transmit time-out 
error bit in the status register. The keyboard controller must acknowl- 
edge each transmission before another byte can be sent. If a parity 
error exists in the acknowledgement, the SCP will place a FEH in 
the output buffer and set both the transmit time-out and parity error 
bits in the status register. If the keyboard controller does not respond 
within 25 milliseconds to the SCP transmission, the SCP will place 
FEH in the output buffer and set the transmit and receive time-out 
error bits in the status register. By transmitting data to the keyboard 
controller the SCP controls error re-transmission, repeat and delay 
rates, and the keyboard LED indicators. 


Slushware 


Slushware refers to an area of dynamic memory that stores the 
system ROM code. 128K is always allocated for this purpose. In- 
structions stored dynamically can be read much faster by the system 
CPU. For example, BIOS code can be implemented at greater speed 
when read from slushware instead of from ROM. 


When the system initializes, some types of firmware are copied to 
this area of memory. Zenith products recognize and make use of 
the slushware area. This can result is significant performance im- 
provements during system operation. In order to take advantage 
of this performance improvement, the adapter card, such as an EGA 
video card, must recognize the slushware and make use of it. 


The SCP provides a method for the programmer to access the 
slushware to change or alter the contents of this memory region. 
Two SCP commands, B7 and B8, referred to in Table 14-26, control 
this access. 
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The slushware area is normally write-protected to prevent accidental 
alteration of the information stored there. SCP command B7 allows 
the programmer to perform writes into the slushware area. These 
memory writes operate in the same manner as writes to other por- 
tions of system memory. SCP command B8 will return the slushware 
to its normal write-protected state. 


Both of these commands require a specific three-byte sequence 
following the command byte. (These sequences are listed in Table 
14-26.) Failure to issue these commands in the proper order will 
cause unpredictable results in the slushware and may halt the com- 
puter. 


CPU Protected Mode 


The SCP assists the programmer in switching the 80386 to protected 


mode. It manages this by controlling the GATEA20 line in the system 
hardware. 


In older 8088-based computer systems, no address space was avail- 
able to the processor above address FFFFFH. If a program attempt- 
ed to address memory above this address, it would wrap around 
to low system memory. In systems using an 80286 or an 80386, 
memory can be available above this address space and wraparound 
is not likely to occur. In order to maintain compatibility with 8088 
systems, a method had to be employed to make the hardware re- 
semble an 8088 system. By allowing the SCP to control the 
GATEA20 line, it can switch between the two hardware configura- 
tions. 


When the 80386 initializes, it begins operation in real mode. In this 
mode the processor acts as if it were a very fast 8088. In order 
to switch to protected mode, the GATEA20 line must be active. 
This is accomplished by issuing the write output port command (D1) 
to the SCP. Follow this command with a byte of data having bit 
1 set to enable the GATEA20 line. In order for this procedure to 
work correctly, the program must wait to make sure the line is active. 
If a program does not wait a sufficient amount of time before attempt- 
ing to enter protected mode, the results will be unpredictable. 
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SCP Pinout 

Table 14-28 provides a detailed description of the signals associated 
with the SCP in this computer. Figure 14-18 provides an illustration 
of the device pinout. 


Table 14-28. SCP Pin Functions 


PIN SIGNAL 

NUMBER NAME DESCRIPTION 

1 TO Test 0. This signal is used to reset the SCP 
instruction state and synchronize the internal 
clock. 

2 XTAL 1 Clock input. Not used. 

3 XTAL 2 Clock input. Provides the processor clock 
input signal for device timing purposes. 

4 RESET Reset. Resets the processor to a known state 
and sets the interna! program counter to 0. 

5 ss Single step. Not used. 

6 cs Chip select. An active-low signal on this pin 


selects the 8042 processor. 


7 EA External access. Not used. 

8 RD Read. This signal allows the system proces- 
sor access to the internal status register or 
the output buffer. 

9 AO Command/data select. The system processor 
uses this bit to indicate whether the byte 
being transferred is a command (AO = 1) or 
data (AO = 0). 

10 WR Write. When this signal is active the system 
processor can write data or commands to the 
input buffer. 

11 SYNC Synchronize. Not used. 

12-19 DBO-—DB7 _ _— Data bus. 8-bit, tri-state, bi-directional data 
bus. 

20 GND Ground. 

21 RCAT 80386 reset. Port 2, bit 0. An active-low out- 
put signal on this line will reset the system 
processor. 

22 GA20 Gate A20. Port 2, bit 1. The output of this 


pin will determine the status of the SA20 sig- 
nal. If this bit is set, the A20 address line will 
function normally. If this bit is low, the A20 
line is disabled. 
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Table 14-28 (continued). SCP Pin Functions 
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DESCRIPTION 
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PIN SIGNAL 
NUMBER NAME 
23 _ 

24 RRWEN 
25 PROG 
26 POWER 
27-32 _ 

33 COLOREN 
34 KBDINH 
35 IRQ1 

36 ATKB 

37 KBCLK 
38 KBDATA 
39 T1 

40 GND 


Port 2, bit 2. Not used. 

RAM-ROM write enable. Port 2, bit 3. The 
condition of this bit determines if system is 
permitted to write data to the slushware. If 
this bit is set (1), writes are enabled. If the 
bit is clear (0), no writes are allowed. 
Program. Not used. 

+5 VDC supply voltage. 

Port 1, bits O—5. Not used. 

Color select enable. Port 1, bit 6. This bit de- 
termines whether a monochrome video adap- 
ter (1) or a color video adapter (0) are 
selected. This signal connects directly to 
J301 on the system I/O card. 

Keyboard inhibit. Port 1, Bit 7. This bit en- 
ables and disables the operation of the key- 
board. If the bit is set (1), keyboard operation 
is disabled. If the bit is clear (0), the keyboard 
will operate normally. 

Interrupt request 1. Port 2, bit 4. The status 
of this bit reports the condition of this interrupt 
line. If the bit is set (1), an interrupt request 
is active. If the bit is clear (0), no interrupt 
requests are in process. 

Keyboard select. Port 2, bit 5. The setting of 
this bit determines what type of keyboard is 
in use. If the bit is set (1), an AT-compatible 
keyboard is in use. If the bit is clear (0), a 
PC-compatible keyboard is in use. 

Keyboard clock. Port 2, bit 6. The clock signal 
used by the system keyboard is output on 
this pin. 

Keyboard data. Port 2, bit 7. Data transmitted 
to the keyboard is sent via this pin. 

Timer 1. This line is used as the event timer 
input. 

Ground. System ground connection. 


-ooo errr See 
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Figure 14-18. SCP Pinout 


Special Programming Features 


In addition to the programmable functions described throughout this 
chapter, there are a number of program accessible features that 
are unique to this system. These features allow the programmer 
to access special modes or control ports that can enhance the per- 
formance of the system. Because these features may not be avail- 
able on other compatible systems, programs that use them may 
not perform in the same manner on other systems. 


Page 14-76 
Support Circuits 


Fast GATEA20 


Speed can be a problem when using the SCP to switch to protected 
mode. When using this method, a program is forced to wait until 
the SCP sets the GATEA20 line to an active state. In this computer, 
an alternative method is available. The hardware contains a special 
FAST GATEA20 port to allow rapid switches to the protected mode 
of the processor. 


To access the FAST GATEA20 port, the program needs to access 
VO port OEEH. An I/O write to this port will activate the FAST 
GATEA20 signal. An I/O read to the same port address will disable 
the signal. This method is recommended over the normal SCP con- 
trol method because of the increased speed. 


When working with the A20 line, both the FAST GATEA20 port and 
the GATEA20 line must be clear for the A20 line to be disabled. 
If either of these access methods are active, the A20 address line 
will remain active. 


Fast CPU Reset 


The design of this computer allows a program to process a fast 
reset of the system CPU without disturbing the rest of the system 
hardware. In order to initiate a fast CPU reset, the program must 
first enable writes to scratchpad RAM. If the program then performs 
an I/O read at port OEFH, the system CPU will be reset. 


Scratchpad RAM Enable 


Access to the scratchpad RAM is available to the programmer 
through a special hardware I/O port. If a program performs an /O 
write to port OFBH, writes to the scratchpad RAM will be enabled. 
An I/O write to port OF9H will disable writes to the scratchpad RAM. 
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CAUTION 


Be very careful when writing to the scratchpad RAM. Sev- 
eral important system variables are maintained and up- 
dated in this area. If a program writes to this area without 
taking precautions, it is possible to damage the system 
or halt the computer. 


NMI Enable 


A special port address exists to enable non-maskable interrupts 
within the system. If bit 7 at port address 070H is set (1), this feature 
will be enabled. and will report non-maskable interrupts during sys- 
tem parity errors or if the bus I/O channel check line is active. Clear- 
ing the bit at this address will disable this feature. 


Chapter 15 
Memory 


The CPU can address 16 megabytes of memory in its protected- 
address mode. In real-address mode, it can directly address 1 mega- 
byte of conventional (PC-compatible) memory. The first 640K of this 
range contains dynamic user memory. The remaining address range 
(up to 1 megabyte) is reserved for specific controllers (video, hard 
disk, etc.) and a port through which access to expanded memory 
(EMS) occurs. Access to memory beyond the CPU’s 1 megabyte 
address range limit can only be accomplished through the 80386 
protected address mode or the expanded memory specification 
(EMS) option. 


Additional cards must be added to the system to increase total mem- 
ory. Each card plugs into the backplane board, which supports three 
different bus structures: PC-compatible, PC-AT compatible, or 
Zenith. Electrically, there are two isolated busses: a special high- 
speed bus and a slower, more compatible bus. The system memory 
cards available from Zenith Data Systems for this computer support 
many different configurations. The possible memory allocations for 
each type of card are detailed in Table 15-1. 


Table 15-1. Memory Configuration 


CONVENTIONAL PROTECTED MODE EMS SLUSHWARE 


(0-640K) ({M-16M) 
1-megabyte 512K OK © 0K 128K 
card 640K OK 0K 128K 
512K OK 384K =: 128K 
640K 0K 256K 128K 
4-megabyte 512K 3072K OK 128K 
card 640K 3072K OK 128K 


Page 15-2 


Memory 
Ee a eS 


Table 15-1 (continued). Memory Configuration 
a ee ee 


CONVENTIONAL PROTECTEDMODE EMS SLUSHWARE 


(0-640K) (1M-16M) 

So NS 
512K 1024K 2048K 128K 
640K 1024K 2048K 128K 


NOTE: The first memory card (card #1) in the system must be a 32-bit 
Zenith memory card. 
a es 


The memory in this computer system consists of four functionally 
different sections: conventional system memory (base memory up 
to 640K and extended memory beyond 1 megabyte), slushware 
memory, expanded memory (EMS), and cache memory. The follow- 
ing paragraphs give a brief description of each type of memory and 
the following sections describe them in detail. 


Conventional base memory is addressed from OK — 512K or from 
OK — 640K. Configuration switches designate the upper address 
limit. When base memory is set for 512K, processor access is 
slowed down between the range of 512K and 640K (PC-AT base 
memory range). This allows compatibility with controllers that may 
attempt to use this address space. The processor access is always 
slowed down between the 640K — 1 megabyte address range be- 
cause some controllers (video cards, game cards, etc.) use this 
space exclusively. However, access to slushware memory (which 
resides at the upper base memory address limit) is not slowed. Ex- 
tended memory is addressed beyond the 1-megabyte boundary. Ac- 
cess to memory in this region can only occur through the 80386’s 
protected address mode. 


Slushware refers to an area of dynamic memory that stores the 
system ROM code. 128K are always allocated for this purpose. In- 
structions stored dynamically can be read much faster by the system 
CPU. For example, BIOS code can be implemented at greater speed 
when read from slushware instead of ROM. 
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This computer provides hardware support for expanded memory 
(EMS). A hardware-fixed window in segment D of the system ROM 
memory range allows access to EMS memory pages. The CPU 
addresses segment D and software causes the contents of specific 
EMS memory locations to be made available. The information is 
then fetched by the CPU through segment D. Actual use of the 
EMS memory area requires a special software driver. 


An optional system cache card provides 64K of high-speed static 
RAM between the CPU and the normal system memory. Although 
the cache is small compared with system memory, it is very fast. 
It can be thought of as a high-speed buffer that stores data or instruc- 
tions resulting from the most recent processor operation. A logic 
sub-system continually updates the information stored in the cache, 
relative to CPU execution. Because the cache contains current infor- 
mation, the CPU can take advantage of the property of program 
locality. This property allows significantly decreased memory access 
time which greatly enhances processor throughput. The cache sys- 
tem is described in more detail later in this chapter. 


System Memory 


System RAM is organized as specific sized pages according to the 
type of memory card installed in the system. Two cards are avail- 
able: a 1-megabyte memory card (model Z-505) and a 4-megabyte 
memory card (model Z-515). The 1-megabyte card uses four banks 
of nine 256-kilobit memory chips and the 4-megabyte card uses 
four banks of nine 1-megabit memory chips. There are eight memory 
bits associated with each memory row, or 32 memory bits for each 
card. 


NOTE: The memory devices used on the 1- and 4-megabyte mem- 
ory cards are not interchangeable. 


The total number of memory bits multiplied by the internal matrix 
size of the memory chips determines page size. For example, the 
256-kilobit memory chips on the 1-megabyte memory card have 
a512-bit x 512-bit internal matrix. Since there are 32 total memory 
bits, the page size equals 512 x 32, or 2K. On the 4-megabyte 
memory card, the memory chips have a 1024-bit x 1024-bit internal 
matrix. The page size of this card is 1024 x 32, or 4K. 
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The memory devices in each page are dynamic enhanced page- 
mode RAM components. The organization of the memory cells is 
a two-dimensional matrix which allows very fast access. A specific 
cell is accessed through row-address and column-address signals. 
The memory access process takes part in two distinct phases: the 
row-access phase and the column-access phase. The row-address 
and column-address signals are independently transferred to the 
memory device during each phase. 


After the row-address is valid on the bus, the row-access phase 
occurs. When the particular row of memory devices has been 
selected, the column-access phase is initiated. During the column- 
access phase any of the memory columns within the enabled row 
can be read at a very high speed. 


There are three types of memory cycles: memory read, memory 
write, or refresh. Any cycle can be requested by more than one 
device. Contention, timing, and row and column address selection 
is governed by the address control logic. 


Refresh for a particular address is automatic whenever that location 
is read. During refresh cycles, memory rows in all pages are read 
simultaneously through the RAS and CAS signals, automatically re- 
freshing the memory. By multiplexing the address, nine lines are 
used to address the first 640K of memory. 


System base memory is located on the first memory card in the 
system and contains 512K (or 640K) directly addressable by the 
80386 CPU. The address limits are specified through adjustment 
of the hardware switches described in Chapter 4. The last 128K 
of the system RAM space stores a copy of the system ROM codes 
as follows: the Monitor ROM occupies the first 64K, the next 64K 
may be entirely allocated to optional ROM code or 16K may be 
reserved for EGA ROM code. The remaining memory, either 256K 
or 384K depending on the base configuration, can be used as EMS 
memory. 


Additional memory increases the computer's dynamic storage capa- 
bility. This memory is accessed either through the 80386 protected 
mode (extended memory) or address space within the reserved 
memory area beyond the 640K boundary (expanded memory). The 
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CPU cannot directly address expanded memory. The EMS upgrade 
allows the CPU to indirectly use the expanded memory. Refer to 
Chapter 4 for more information on memory configuration options. 


Figure 15-1 illustrates the system memory mapping for this com- 
puter. The memory map represents the range of base memory, the 
system ROM code storage area (640K — 1 megabyte, including 
slushware), extended memory (1 megabyte — 16 megabytes), and 
expanded (EMS) memory. 


ROM CODE APPEARS 16M 
IN THE SAME LOCATION { i Ns 
IN EACH 16M BOUNDARY FFOO0: 0 
EXTENDED 
USER 
MEMORY 


1M 
MONITOR ROM 
SLUSH 
AREA 
F000: 1000 
SLUSHWARE MONITOR RAM 
F000: 0 
CUSTOM ROM CODE 
oR 
EGA VIDEO SLUSH 
£000: 0 
EMS PAGE 
D000 
ADD ON CARDS 
+ C000: 4000 
EGA VIDEO ROM 
CODE 
C000: 0 
CGA VIDEO 
B800: 0 
MONOCHROME. VIDEO 
BO00: 0 
EGA VIDEO RAM 
(HI RES) 
A0OO: 0 
USER 
RAM 
640k AREA | 
40:0 


| INT VECTORS ; 
0) 


Figure 15-1. Memory Map 
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System Memory Addressing 


The 80386 is capable of generating system memory addresses in 
several different ways, depending on its operational mode. The 
simplest mode, real mode, allows the 80386 access to the first 
megabyte of memory in the same manner as an 8088 microproces- 
Sor. In other words, a base address and an offset segment are 
used to define a specific memory location. In protected mode, or 
virtual mode, the 80386 calculates memory addresses differently. 
Additional factors that contribute to the memory address mechanism 
involve the internal paging mode of the 80386. The following discus- 
sion describes the memory addressing methods used by the 80386. 


User Memory 


Most user memory programming can be performed directly from 
assembly or machine language programs and includes the following: 


© Reading and writing data to specific memory locations 

@ Allocating or reserving specific locations in memory for specific 
purposes, such as for software interrupt routines or storing user- 
defined character fonts 


@ Storing character strings and numeric values that are widely 
used by a number of applications 

© Rerouting interrupts to user-defined routines 

@ CPU stack operations 

@ Moving memory contents from one area to another 

e 


Using the contents of RAM to control video graphics. 
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Memory Address Format 


The 80386 uses a much more involved method of address computa- 
tion than the earlier 8088 microprocessor but similar to the method 
employed for the 80286 microprocessor. Because of the computa- 
tion methods used, programming situations may arise where it is 
extremely difficult to identify the actual memory being addressed. 
Since special translation units within the 80386 control this address 
calculation, this should not be a critical programming issue. 


The earlier 8088 uses a 2-part number to designate specific memory 
locations. The hexadecimal number consists of a 4-digit number 
to identify the segment address and a 4-digit number to identify 
the offset address within that segment. The format for this value 
is XXXX:YYYY. 


The first four digits actually represent a 5-digit hexadecimal memory 
address; the system performs an imaginary shift left (multiply by 
16) on the value to arrive at the RAM bank and row to select. The 
second value selects the RAM column from the selected bank. For 
example, the value 3F3F:5B11 represents memory address 
44F01H. 3F3FH shifted left equals 3F3FOH. 5B11H is the offset 
added to the segment address. The result of adding 3F3FOH and 
5B11H is 44F01H. 


In the 80386 the concept of the segment and offset have remained 
but the computation methods have changed. The 80386 refers to 
three distinct address spaces: logical, linear, and physical. Figure 
15-2 illustrates the address translation process. Refer to this figure 
for the following discussion. 


The logical address (referred to as the virtual address) consists of 
a selector and an offset. The selector is a value contained within 
a segment register. The offset (referred to as the effective address) 
is composed of a combination of three different values: the base, 
the index, and the displacement. How these values are combined 
depends on which one of 11 different addressing modes is in use. 
The resulting virtual space is the area the programmer will most 
often encounter and use. 
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Figure 15-2. 80386 Address Translation Process 


A special segmentation unit within the 80386 processes the logical 
address information to obtain the linear address. The control for 
this process is the processor mode. The 80386 can operate in real 
mode or protected mode and each mode has a different process 
to determine the linear address. 


In real mode, the segmentation unit shifts the selector value left 
four bits and adds the result to the offset to form the linear address. 
If the internal paging unit is not enabled, the linear address becomes 
the physical address in memory. (This method duplicates exactly 
the method used in the 8088 processor.) If the internal paging unit 
is enabled, it performs an additional translation on the linear address 
to determine the physical address. 


In protected mode, each selector value is associated with its own 
linear base address. These values are stored in special descriptor 
tables within the 80386. The selector's linear base address is added 
to the offset to form the final linear address. The internal paging 
unit operates the same as in real mode on this linear address. 
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Address Decoding 


The address control logic decodes signals that control specific oper- 
ations such as memory access and refresh. Also, some signals sup- 
plied by active circuits on other cards in the system are transferred 
across the backplane board to be decoded by the memory card. 
Programmable logic arrays provide fundamental decoding in con- 
junction with an array of multiplexers. The logic arrays are pro- 
grammed to interpret specific pulse definitions and respond by as- 
serting a predetermined signal at a predetermined output. 


The status of the hardware switch segments also are applied to 
the inputs of the logic arrays. The settings of the switches represent 
two states that the logic array interprets and reacts to. Some outputs 
of the logic arrays are gated by discrete logic to produce the required 
signals used during memory read cycles, memory write cycles, and 
refresh cycles. Other signals contro! which memory bank is selected, 
and whether a memory cycle or refresh cycle occurs. 


The array of multiplexers generate the MAO — MA13 (memory ad- 
dress bits 0 — 13) address lines from signals picked off of their 
inputs. A series of jumpers are placed to synchronize multiplexing 
(and therefore memory addressing) against refresh cycles. Refer 
to Chapter 4 for a complete description of these jumper settings. 


Data Bus Interface 


Data interface between memory and the CPU is handled through 
four bidirectional data transceivers. Each transceiver is capable of 
transferring 8 bits of data. During a given memory access (read 
or write), one 32-bit segment, one 16-bit segment, or one 8-bit seg- 
ment of data can be transferred through these transceivers. 


Directional control for the transceivers is provided through combina- 
tions of the memory bank enable signals, memory read signals, 
and memory write signals. Therefore, 8 bits of data can be trans- 
ferred through any one transceiver relative to its selected memory 
bank. 
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Memory Data Bus — The memory data bus is 32 bits wide and 
is interfaced to the system data bus through four separate transceiv- 
ers. Each bit of the memory data bus (MDO — MD31) corresponds 
to each bit of the system data bus (DO — D31). Each group of eight 
data lines is assigned to a specific bank of memory as indicated 
in Table 15-2. 


Table 15-2. Memory Bank Assignments 


DATA LINES MEMORY BANK 
DO-D7 Bank 0 
D8-D15 Bank 1 
D1i6-—D23 Bank 2 
D23-D31 Bank 3 


The memory address lines (MAO — MA10) enable one specific mem- 
ory location within the active memory bank (each bank is a row 
of memory chips). On the base memory card, only MAO — MA8& 
are active. If additional memory cards are present and have 1- 
megabit RAM devices installed, MAO — MAQ are active. If 256-kilobit 
devices are in use, only memory lines MAO — MA8 will be active. 
The additional lines are necessary for the system to address to 
the 1-megabyte boundary. 


Each memory data line (MDO — MD7) is tied to the bidirectional 
data input/output pin of one memory device in each memory bank. 
Data is either read from or written to the same memory location 
in each device during a memory cycle. A valid address on the MA1 
— MA13 (memory address) bus and the state of the WE (write en- 
able) signal define the operation (high to read, low to write). Figure 
15-3 illustrates a portion of the memory hardware configuration. 
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Figure 15-3. Memory Data Bus 
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Paging Controller 


The paging controller is a special circuit that dynamically controls 
the speed at which memory access occurs. Basically, the paging 
controller determines whether the memory page to be accessed 
is the current page or a different page. It does this by comparing 
the current memory address to the previous address. If the current 
address is within the same page as the last cycle, the operation 
will occur without wait states to enhance system throughput. If the 
address specifies a different page, the cycle is dynamically slowed, 
using wait states, to a rate comparable to conventional access 
methods. 


Refresh (RAS/CAS) 


The dynamic RAM devices that make up system memory must re- 
ceive refresh pulses at least every four milliseconds to prevent data 
from deteriorating beyond the point of validity. Most computers re- 
fresh single rows of memory devices. To do so, the CPU must relin- 
quish the bus to the refresh control logic during each cycle. This 
can cause the efficiency of the processor to be considerably de- 
graded. 


In this computer, an optional refresh bursting method is incorporated 
to allow multiple refresh operations to occur as one cycle. In other 
words, rather than refreshing one row of memory during a refresh 
cycle, this technique allows up to four rows of memory to be re- 
freshed during the same cycle. This results in improvements in sys- 
tem throughput because the processor is not giving up the bus as 
often. 


Bus arbitration is maintained through logic arrays in the address 
decoding circuits. This control prevents refresh cycles from occurring 
during some other memory cycle. If refresh did occur at the wrong 
time, it could corrupt the state of data or instructions currently in 
memory and the system would likely be halted. 
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Parity 


Parity is a method of continually testing the integrity of data in mem- 
ory. These tests check only the memory devices and will not detect 
errors due to other hardware or to system bus contention. The parity 
testing in this computer is similar to that used in other Zenith Data 
Systems advanced personal computers. This computer system 
supplies odd parity status for 8-bit byte accesses to memory, 16-bit 
word accesses to memory, and 32-bit double-word accesses to 
memory. 


In general, for every 8-bit data byte written to each system memory 
bank, one bit will be written to the parity memory device. The parity 
memory device is the same type used for system memory. The 
status of the parity bit is compared with its associated data byte 
during each memory read cycle, to determine if an error has oc- 
curred. 


Generator — The parity generator circuits are discrete devices that 
supply an odd parity bit in this computer. Each memory bank’s parity 
generator monitors the value of all data bytes written to that bank. 
If a data byte contains an odd number of high bits (logic one), the 
parity generator writes a logic one to its associated parity memory 
device. 


Checker — Parity checking involves the same set of circuits that 
generate parity. Checking occurs in synchronous fashion during 
memory read cycles. When a data segment is read from a memory 
bank, it is placed on the MDO — MD31 bus and applied to the parity 
circuits. The parity circuits evaluate the data segment expecting to 
detect the same odd number of high data bits that were written 
to memory. 


If a memory device were defective, the status of a data bit previously 
set to a logic one could deteriorate to a logic zero state. This defect 
will cause the total number of data bits previously set to one to 
equal an even number. The parity checker senses this condition 
and drives its output low. 
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A logic array works in conjunction with the parity circuits to alert 
the system when such errors are detected in memory. The parity 
logic array senses the change in the parity generator’s output and 
reacts by asserting the IOCHK signal to the system CPU. The 
IOCHK signal is latched, representing an error condition. An I/O 
write operation (consisting of any data value) to port OF7H is re- 
quired to clear the error condition. 


Because the IOCHK signal is latched, detailed analysis of the error 
can be made through error recovery software. The memory defect 
can be pinpointed to a specific memory bank on a specific memory 
card in the system, Because each memory card responds to a differ- 
ent port address, the system can periodically address each port 
and obtain error status for each card. Table 15-3 describes this 
error reporting scheme. 


Table 15-3. Memory Board Error Reporting Scheme 


VO PORT MEMORY CARD 
F4H Card 0 
F5H Card 1 
F6H Card 2 
F7H Card3 


NOTE: The memory card number is determined by the configuration switch 
settings described in Chapter 4. 


After a specific memory card has been isolated, each memory bank 
on that card can be checked for an error condition. Table 15-4 indi- 
cates how error reporting is handled for each memory bank of a 
selected card. 


Table 15-4. Memory Bank Error Reporting Scheme 


DATA LINE MEMORY BANK 

DO Bank 0 (MD24 — MD31) 
D1 Bank 1 (MD16—MD23) 
D2 Bank 2 (MD8 — MD15) 
D3 Bank 3 (MDO—-MD7) 
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If an error condition exists, it is represented by the latched status 
of the IOCHK signal. To clear the error and reset the latch, an I/O 
write operation to port F7H is required. The value of the data written 
to the port is not critical and the error status of all memory banks 
on all Zenith boards will be cleared. 


Parity Hardware Test — The DISPG (disable parity generation) 
signal line on the system bus can test the parity generating/checking 
hardware. When the DISPG signal is active, it masks write opera- 
tions to the parity circuits. Random data can then be written to the 
system memory. If successive memory read cycles are initiated, 
the parity hardware should detect a sequence of errors. The integrity 
of the parity checking circuits can then be determined. 


Memory Bank Configuration 


There are four memory banks on each memory card that can be 
used with this computer. The basic system is populated with 1 mega- 
byte or 4 megabytes of memory, depending on the system base 
configuration. The first 512K (or 640K) is dedicated as system mem- 
ory. The memory devices are 256 kilobit integrated circuits (on the 
1-megabyte card) and the memory banks are nine devices wide 
(eight devices for data or instructions and one for parity). 


Up to four memory expansion cards can be installed in this com- 
puter. Also, each memory bank can be populated with 1-megabit 
memory devices. Data transfer operations involving these memory 
banks are the same as for the base memory card. Access to memory 
locations above the 1-megabyte boundary can occur in one of sev- 
eral ways. The 80386 can access this memory in protected mode, 
a portion or all of the memory can be accessed as EMS (expanded 
memory specification) memory using a software device driver, or 
the memory can be accessed as a virtual disk using the appropriate 
device driver. 
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Slushware 


The term “slushware” refers to a technique that combines the advan- 
tages of software and firmware for increased flexibility and speed. 
At system initialization, the Monitor ROM BIOS routines are down- 
loaded into a reserved area of system memory. Since the BIOS 
resides in RAM during normal operations, the routines execute much 
faster. To prevent the BIOS instructions from being corrupted by 
a user program, the slushware memory is write-protected. 


This computer also supports additional user-specified system ROM, 
which can also take advantage of the slushware concept. A socket 
on the CPU board accepts an optional system ROM device (fre- 
quently used by OEM groups) that gives an additional 64K for unique 
code applications. The code can also be downloaded to slushware 
RAM from diskette. 


if the computer contains an enhanced graphics adapter, a special 
slushware routine places the EGA ROM code in slushware RAM. 
Special techniques modify the EGA code to maintain compatibility 
while substantially increasing the speed of the video display. When 
slushware memory contains the Monitor, system, and EGA ROM 
codes, the first 64K is reserved for the Monitor program, the next 
48K for system ROM code, and the remaining 16K for EGA code. 


Another advantage in slushware memory is that instructions stored 
there will be placed in the optional cache memory (if the cache 
controller card is used) whenever the CPU addresses slushware. 
This process results in greater speed and system throughput be- 
cause information is local to the CPU. 
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EMS Memory 


This 80386-based computer directly addresses the first megabyte 
of contiguous memory in its environment. This system memory is 
conventional in PC and PC-AT computer products. Memory from 
640K to the 1-megabyte address boundary has portions reserved 
for system ROM code, video controller ROM code, hard disk control- 
ler ROM code, and other functions. Memory from 1 megabyte to 
the 4-gigabyte address boundary is termed extended memory and 
is accessible only through the protected mode of the 80386. In con- 
trast, expanded memory (EMS) is page-mapped memory accessed 
through a complicated bank switching scheme in the 80386 real 
address mode. 


Expanded memory is only useful to programs that support it. In 
other words, the program must instruct the hardware to implement 
the specific bank switching. The Lotus/Intel/Microsoft Expanded 
Memory Specification (LIM EMS) attempts to standardize the bank 
switching scheme. The LIM EMS contains numerous examples that 
an experienced assembly language programmer can interpret. In 
this way, different programs can be written to make use of expanded 
memory in a consistent manner. The specification is available free 
of charge from Intel Corporation and may be obtained by calling 
1-800-538-3373. 


This following section briefly outlines the approach used in the LIM 
EMS to access expanded memory. As mentioned earlier, expanded 
memory is page-mapped. This means that, a small area of memory 
acts as a window through which a larger area of memory resides. 
This window is 64K wide and is composed of four 16K blocks of 
memory referred to as page frames. In this computer these page 
frames must be contiguous and exist in segment D (address range 
DO000H — DFFFFH) of the reserved system ROM space (between 
640K and 1 megabyte). In other words, this computer is hardware 
configured to support expanded memory through segment D. 
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Some computer systems allocate some of the system ROM space 
to optional hardware equipment (EGA video, hard disk, etc.). In 
these systems, it may be difficult to find a contiguous 64K section. 
However, the first page frame (the base-address of the 64K window) 
must fall on a 16K boundary within the system ROM space as illus- 
tated in Figure 15-4. 
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Figure 15-4. Conventional Memory 
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The EMS specification supports up to four memory cards, each 
populated a maximum of with 2 megabytes of memory. Even though 
this computer supports a maximum of four 4-megabyte memory 
cards, only 8 megabytes of expanded memory can be used, accord- 
ing to the LIM EMS. The memory on each card is organized into 
128 individual pages of expanded memory and each page frame 
is 16K wide. Because the CPU does not have direct addressing 
capabilities beyond 1 megabyte, it uses the page frames to access 
expanded memory (recall that the page frames reside within the 
640K to 1-megabyte memory range). Whenever the CPU addresses 
the memory range within system ROM space that is associated with 
a page frame, it accesses expanded memory. Since there are four 
contiguous page frames, 64K of expanded memory can be accessed 
without a page-swap occurring. Refer to Figure 15-5. 


NOTE: The page pointing arrangement illustrated in Figure 15-5 
is not the only pointing configuration possible with EMS memory. 
Many different arrangements are possible, depending on the needs 
of the software being used. 
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Figure 15-5. Expanded Memory 
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As the CPU addresses the memory range of one of the page frames, 
the EMS memory page pointer will remain set to that frame. If the 
page frame changes or the page is turned on or off, then an 8-bit 
value is written to an I/O port to select the correct frame. The value 
placed in the port moves a specified 16K expanded memory page 
to the page frame. The information is thereby made local to the 
CPU. 


Bits 0-6 of the page pointer byte define the particular page, while 
bit 7 is the page enable/disable bit. When bit 7 is set (logic high), 
the page is allowed to appear in the memory space; when bit 7 
is clear (logic low), the page does not appear in the memory space. 
Refer to Table 15-5 for the EMS I/O addresses for this computer. 


Table 15-5. EMS I/O Addresses 


MEMORY CARD PAGEOQ PAGE1 PAGE2 PAGE3 
Card 0 0258H 4258H 8258H C258H 
Card 1 0268H 4268H 8268H C268H 
Card 2 0208H 4208H 8208H C208H 
Card3 0218H 4218H 8218H C218H 


NOTE: Card numbers are switch selectable. Only one page per card may 
be enabled at one time. 


EMS address decoding up to the 1-megabyte boundary occurs as 
normal. The logic array in that circuit asserts the required control 
signals and the multiplexer array provides the memory address infor- 
mation. For more information refer to the “Address Decoding” sec- 
tion under “System Memory’ earlier in this chapter. Access to specif- 
ic memory pages is a function of the program that is executing at 
the time. 


Memory refresh cycles occur for expanded memory in the same 
way as for system memory. Memory refresh is handled during the 
appropriate processor cycle and addressing is manipulated so the 
refresh cycle includes expanded memory. For more information refer 
to the “Refresh” section under “System Memory” earlier in this chap- 
ter. ‘ 


RE 
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Data is transferred between the CPU and EMS memory in the same 
way that data is interfaced to system memory. The same data trans- 
ceivers and control signals are active. For more information refer 
to the “Data Bus Interface” section under “System Memory” earlier 
in this chapter. The parity circuits used for system memory are also 
used to check the integrity of transferred EMS data. The parity bit 
is computed during the write cycle and checked during the read 
cycle, as described in the “Parity” section under “System Memory”. 


Cache Memory 


Cache memory is a small amount of very high speed RAM between 
main memory and the CPU. This memory region is transparent to 
the software and hardware environment of the computer system. 
The purpose of the cache is to monitor and retain a copy of the 
most recent program driven CPU operation involving main memory. 
When data and instructions are read from the cache instead of from 
main memory, they are provided to the CPU immediately. The CPU 
will initiate a normal memory access but the main memory controller 
will not because of the available cache data. Main memory access 
cycle time is generally sow and often forces the CPU to wait for 
data or instructions. A cache eliminates the need for a designated 
memory access cycle; the cache access time is a function of the 
speed of the cache memory devices. If the CPU must initiate a 
memory access cycle to main memory, access time is a function 
of the speed of the main memory devices. Refer to Figure 15-6. 
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Figure 15-6. Cache Memory Block Diagram 
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Cache memory operates on the principle of program locality. In other 
words, many programs have the tendency to instruct the CPU to 
access the same area of memory in a repetitive fashion. After the 
first access, information from that segment of main memory can 
be duplicated in the cache. Then, when the CPU is instructed to 
access the same segment of main memory it will retrieve the infor- 
mation from the cache instead of initiating an access cycle to main 
memory. 


There are three components to the property of program locality: 
temporal, spatial, and sequential. Temporal locality is the tendency 
of a program to access (in the near future) a memory location that 
has recently been accessed. An example of temporal locality is when 
a program contains an instruction loop. Spatial locality is the ten- 
dency of a program to access a memory location in the neighbor- 
hood of the last access. Sequential locality is the tendency of a 
program to access the memory location immediately succeeding 
the one last accessed. The effect of program locality is that only 
a small amount of cache memory is necessary to be effective. 


A logic subsystem controls and updates information in the cache 
continually. The CPU never has to devote specific cycles to this 
process. The efficiency of the cache is determined by how often 
the cache supplies the CPU with information versus the number 
of accesses made to main memory. The fewer times main memory 
requires access, the higher the efficiency of the cache. The following 
sections explain how the cache logic subsystem implements mem- 
ory read and memory write operations involving cache memory and 
main memory. 


NOTE: There is no programmability in the cache subsystem. It is 
entirely transparent to the main computer system. 
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Main Memory to Cache Memory Mapping 


Cache memory contains 64K of high speed static RAM. The 32-bit 
data path between the CPU and main memory passes directly to 
the cache memory. Therefore, a 64K cache with a 32-bit data path 
includes 16K blocks of memory, each block consists of four bytes. 
A direct mapping function determines which area of main memory 
addressed by the CPU, transfers into cache memory. For example, 
whenever four bytes of main memory is addressed, it can be 
mapped into the first 16K block of the cache. 


Memory Read 


There are two types of read operations involving cache memory: 
cache hits and cache misses. When a cache hit occurs, the informa- 
tion contained in the program-specified main memory location is 
already present in cache memory. If a cache miss occurs, the infor- 
mation is not in the cache and the cache must initiate a designated 
memory access cycle to main memory. The program-specified mem- 
ory location is then addressed and its contents are transferred to 
the CPU and stored in the cache. 


For each memory read, the cache must be checked to determine 
if it contains the program-specified information (to determine if the 
read is a hit or a miss). A comparison is made between the address 
generated to fetch data from main memory and the memory address 
range currently contained in the cache. Each address has a block 
portion (low-order bits) and a tag portion (high-order bits) associated 
with it. The tag portion determines if the address range that holds 
required data or instructions is in the cache, and the block portion 
selects the particular memory location (either in the cache or main 
memory) specified by the program. 
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When an address is generated, the block portion (low-order bits 
CA2 — CA15) is applied to a fast memory device called a tag RAM. 
The output of the tag RAM is fed to a comparator circuit. The tag 
portion of the address (high-order bits CA16 — CA23) is also applied 
to the comparator circuit. If the output of the tag RAM is equal to 
the tag portion of the address, then the address range containing 
the required data and instructions is in the cache. The information 
is transferred to the CPU through the high-speed data RAM without 
wait states. Refer to Figure 15-7. 
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Figure 15-7. Cache/Main Memory Arbitration Logic 
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Note that the comparison to determine a cache hit or a cache miss 
takes place in the processor cycle immediately preceding a main 
memory access cycle. Therefore, if a cache hit occurs, a main mem- 
ory access cycle never starts. If a cache miss occurs, the cache 
does not contain the required information and a main memory ac- 
cess cycle will occur within the same number of processor cycles. 


When a cache miss occurs, the high-order address that specifies 
the main memory location (in conjunction with the low-order ad- 
dress) is written into the tag RAMs. As the processor receives the 
required information from the main memory access, the cache is 
automatically updated to include that same information. The al- 
gorithm that implements this operation is depicted in the flowchart 
in Figure 15-8. 
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Figure 15-8. Cache Read Miss Logic 
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Memory Write 


During write operation, information must be updated in the cache 
(if it contains the address range that the write must occur in) and 
in main memory. The address generated by the CPU is compared 
in the same way as for memory read operations. If the comparison 
determines a cache write hit has occurred (the tag portion of the 
address agrees with the block portion of the address), the memory 
location to be updated is in the cache. The cache and main memory 
will be updated at the slower speed of the main memory. 


If a cache write miss occurs (the tag and block portions of the ad- 
dress do not equal), the cache does not contain the memory location 
to be updated. Therefore, only main memory is updated. Note that 
main memory is updated in every write cycle. The cache is only 
updated when it contains the same memory location as main mem- 


ory. 


Dynamic Memory Control 


In this computer, control operations for memory accesses are nor- 
mally handled by circuits on the CPU card. However, if a cache 
controller card is installed, it assumes control for memory access 
operations. The cache controller card actually contains a main mem- 
ory controller circuit and a cache controller circuit. These circuits 
are very tightly coupled and work together to adjust memory acces- 
ses to the speed of main memory, when required. Memory cycles 
in this computer are dynamic and can contain different numbers 
of wait states. 
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Chapter 16 
Mass Storage 


The term “mass storage” applies to all forms of off-line storage in- 
cluding magnetic disk, magnetic tape, punched tape, and punched 
cards. This computer supports several types of mass storage de- 
vices including: 


5.25-inch, 1.2M byte floppy disk drives 

5.25-inch, 360K byte floppy disk drives 

3.5-inch, 720K byte floppy disk drives 

3.5-inch, 1.4M byte floppy disk drives 

5.25-inch, 10M byte removable cartridge hard disk drives 
3.5-inch, 20M byte fixed hard disk drives 

5.25-inch, 20M, 40M, and 80M byte fixed hard disk drives. 


This chapter discusses the programmable elements of the mass 
storage system in this computer. 


Supported Drives 


A maximum of two floppy disk drives may be installed in this com- 
puter. The operating system and the devices used in this computer 
will support dual-speed, high-density 5.25-inch floppy disk drives, 
high-density 3.5-inch floppy disk drives, and standard-density 5.25- 
inch floppy disk drives. However, 8-inch external floppy disk drives 
are not supported. Do not attach 8-inch drives or program the com- 
puter or its operating system for 8-inch operation. Contact your ser- 
vice representative for information about the floppy disk drive which 
best suits your needs. 


A maximum of two half-height or full-height hard disk drives may 
be installed. Both 5.25-inch and 3.5-inch drives are supported. The 
5.25-inch drives are 20M, 40M, or 80M fixed disk drives or 10M 
removable cartridge drives. Some 3.5-inch, 20M fixed disk drives 
(mounted in a 5.25-inch chassis) are also used. 
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Drive Selection 


You may select the drive type using either hardware or firmware. 
Jumper blocks W5 and W6 determine which mode is in use. In 
hardware drive select mode, the drive number in the drive/head 
register is driven directly onto the drive interface. In firmware drive 
select mode, the drive number is intercepted by the controller's 
firmware and the firmware-selected drive number is driven onto the 
interface. The computer is factory-set for hardware drive select 
mode. 


To use hardware drive select mode: 
1. Install a jumper on W5. 


2. Install jumpers across pins 2 and 3 and across pins 5 and 
6 on W6. 


To use firmware drive select mode: 
1. Leave W5 open. 


2. Install jumpers across pins 1 and 2 and across pins 4 and 
5 on W6. 


Error Detection and Invalid Commands 


Four error correction code (ECC) bytes are used for error detection 
and correction in the data fields. This permits correction of five bytes 
in the data fields. A cyclical redundancy check (CRC) byte is used 
for the ID field. Before calculating the checksums, all shift registers 
are preset to FH. All checksums begin with the respective address 
marks. The ECC polynomial is X9* + X28 + x26 + x19 4 x17 
+ X'© + X® + X2 + 1. The CRC polynomial is X1® + X12 + 
Xo + 1. 
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If the floppy disk controller receives an invalid command, it is inter- 
preted as a NOP (no operation) command. The controller goes into 
a standby or no operation state until a new command is issued. 
If the hard disk controller receives an invalid command, it issues 
an aborted command error. The error register must be read before 
the next command will be accepted by the controller. 


Floppy Disk Control 


The 765 floppy disk controller (FDC) used in most PC-compatible 
products also provides floppy disk drive control in this computer. 
This system supports up to two disk drives through a daisy-chained 
flat cable. The controller makes record data transfers through the 
VO bus and DMA circuitry and supports four data transfer rates. 
Write protect features are recognized and interrupts are used to 
indicate completion of an operation. The FDC supports FM and MFM 
disk encoding formats and can be operated in DMA and non-DMA 
modes. 


DMA and Non-DMA Modes 


This computer is factory-set to operate in DMA mode. In DMA mode, 
the processor loads a command into the FDC and the data transfer 
is carried out by the DMA and FDC controllers. In most cases, a 
processor interrupt is generated upon the completion of the data 
transfer. 


In non-DMA mode, the FDC generates a processor interrupt for 
each data byte transferred. The processor must then load a com- 
mand into the FDC, allowing the single byte to be transferred. To 
restrict operation to non-DMA mode only, the DACK line (pin 15 
of the 4pd765A) can be tied to Vcc. The specify command, de- 
scribed in the “Programming Floppy Disk Operations” section of this 
chapter, can also be used to operate in non-DMA mode. 
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Figure 16-1. 765 Disk Controller Block Diagram 


Master Control Logic 


The master control logic oversees all operations within the FDC. 
The control signals it generates handle the data buffer, internal regis- 
ters, serial controller, and the drive controller through the internal 
bus. It also handles interrupts, DMA transfers, request and acknowl- 
edge signals, and read and write operations. 


Serial Controller 


An internal data buffer transfers data between the internal bus and 
the system data bus. The internal bus passes information between 
the data buffer and the serial controller. The serial controller then 
reads or writes data from the disk and the registers. The serial con- 
troller sends data to the disk drives, converting the 8-bit parallel- 
format data into a serial form. The controller also converts serial-for- 
mat data from the drive into an 8-bit parallel form. Using timing 
control provided by the write clock signal, the controller makes sure 
that the data is correctly timed during all transfer operations. The 
serial controller also generates the synchronizing signals used by 
the data separator for timing. 
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Drive Controller 


The drive controller monitors the activities of the input and output 
channels of the floppy disk controller. The input channel monitors 
and receives drive ready, write-protect, index, and track 0 signals. 
These signals go to the drive controller, which responds by sending 
signals to either the output channel or the master control logic of 
the floppy disk controller. The output channel generates seek, head 
load, head select, direction, and step signals for the drive. It also 
controls the recording mode (FM or MFM) used by the drive. 


FDC Control Registers 


Five registers control and provide status reports for floppy disk drive 
operations. The digital output register and floppy control register 
are write-only registers that provide command and operating param- 
eter information to the FDC. The main status register is a read-only 
register that provides drive, FDC, and command status information. 
The floppy data register is a read/write register used to transfer 
data, command, and detailed status information between the FDC 
and the CPU. The digital input register is a read-only register primar- 
ily used for hard disk operations. Bit 7 of the digital input register 
reflects the state of the floppy disk changed signal. Table 16-1 lists 
the primary and secondary port addresses for these registers. To 
use the secondary port addresses, install a jumper on W2 and W3. 


Table 16-1. Floppy Drive Control Register Port Addresses 


PRIMARY SECONDARY READ OPERATION WRITE OPERATION 


PORTADDRESS PORTADDRESS REGISTER REGISTER 
3F2H 372H Not used Digital output 
3F4H 374H Main status Main status 
3F5H 375H Floppy data Floppy data 
3F7H 377H Digital input Floppy control 
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Digital Output Register (Port 3F2H) 


The digital output register controls the drive motors and drive selec- 
tion, enables the disk interrupt (IRQ6) and DMA data request line 
(DRQ2), and resets the drives. Port address 3F2H is the PC-compat- 
ible address used for writing to this register. Table 16-2 describes 
the function of each bit in this register. 


Table 16-2. Digital Output Register 


—-_—_—_ooroeoeee ee 


BIT FUNCTION DESCRIPTION 
ae ee eee ae SL ee eee 
0-1 Drive select bits 0 — 1 These bits select which drive is to be 


enabled. Refer to Table 16-3. 


2 765RESET This bit, when cleared, resets the floppy 
disk control circuits and clears all inter- 
nal registers. 


3 Enable IRQ6 and DRQ2 This bit, when high, enables the IRQ6 
(hardware floppy disk interrupt) and the 
DRQ2 (DMA request) lines. 


4 Motor on 0 This bit asserts the MTONO and FDD 
ON signals to turn on the motor in drive 
A. 


5 Motor on 1 This bit asserts the MTON1 and FDD 


ON signals to turn on the motor in drive 
B. 


6 Motor on 2 This bit asserts the MTON2 and FDD 
ON signals to turn on the motor in a 
third floppy drive. 


7 Motor on 3 This bit asserts the MTON3 and FDD 
ON signals to turn on the motor in a 
fourth floppy drive. 
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Table 16-3 defines the drive select bits (bit 0 and bit 1) of the digital 
output register. The appropriate motor on bit (bits 4 through 7) must 
also be set in order to select a drive. Use the information from Table 
16-2 to set the appropriate motor on bit. 


Table 16-3. Drive Select 


BITO BIT 1 SELECTED DRIVE 

0 0 DRVSELO — Selects disk drive A, the first floppy 
disk drive mounted in the computer. 

1 (0) DRVSEL1 — Selects disk drive B, the second 
floppy disk drive mounted in the computer. 

0 1 DRVSEL2 — Selects a third floppy disk drive, if 
installed. 

1 1 DRVSEL3 — Selects a fourth floppy disk drive, if 
installed. 


ee EEUU EEE SENSE 


All eight bits of the digital output register are cleared (set to 0) when 
the computer is first turned on and each time an I/O reset occurs. 
Each bit is set to the corresponding input when the clock signal 
makes a transition from low to high. The clock signal for this register 
is developed by the chip select signal, address line 2, and the IOW 
signal. 


Main Status Register (Port 3F4H) 


The main status register is an 8-bit read-only register located at 
port address 3F4H. This register contains the status information for 
the floppy disk controller and may be read at any time. However, 
it is recommended that the CPU wait 12s each time it reads the 
main status register. The wait allows the data direction and request 
for master bits to change and settle. Each bit in the main status 
register is described in Table 16-4. 
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Table 16-4. Main Status Register 


BIT 


FUNCTION 


DESCRIPTION 


0 


Floppy drive 0 busy 


Floppy drive 1 busy 


Floppy drive 2 busy 


Floppy drive 3 busy 


Controller busy 


Execution mode 


Data direction 


Request for master 


This bit is set (1) when disk drive A is busy 
(in the seek mode). The controller will not ac- 
cept read or write commands for any disk 
drive. 


This bit is set (1) when disk drive B is busy 
(in the seek mode). The controller will not ac- 
cept read or write commands for any disk 
drive. 


This bit is set (1) when disk drive C is busy 
(in the seek mode). The controller will not ac- 
cept read or write commands for any disk 
drive. 


This bit is set (1) when disk drive D is busy 
(in the seek mode). The controller will not ac- 
cept read or write commands for any disk 
drive. 


This bit is set (1) when a read or write com- 
mand is in process. The controller will not ac- 
cept any other command. 


This bit is set (1) during the execution phase 
of a non-DMA operation. The bit operates 
only innon-DMA mode. 


This bit is set (1) when data is transferred 
from the data register stack to the system 
data bus. It is clear (0) when data is trans- 
ferred from the system data bus to the data 
register stack. 


This bit is set (1) when the data register is 
ready for a transfer operation. It is cleared 
(0) when the data register is not ready. 


—————————————eeeEeEeeESESEESsSeSeSeSSSSESEeeee 
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Floppy Control Register (Port 3F7H) 


Bits 0 and 1 of the floppy control register set the data transfer rate 
in kilobits per second. Bits 2 through 7 are reserved. Table 16-5 
defines the encoding for the data transfer rates. 


Table 16-5. Floppy Control Register 


ne EEE EEEE EEE 


BITO BIT 1 DATA TRANSFER RATE 
) i) 500 kbps 

1 0 300 kbps" 

0 1 250 kbps 

1 1 125 kbps? 

NOTES 


1. The controller must be programmed for MFM encoding. 
2. The controller must be programmed for FM encoding. 


Data Register (Port 3F5H) 


The data register port provides sequential access to a stack of 8-bit 
registers used to program the functions of the controller, temporarily 
hold the data being read from or written to the disk, and provide 
additional status reports. The sequence and data used with the data 
register stack depends on the programmed instruction. Only one 
register is presented to the data bus at a time. Four of these registers 
are status registers (STO-ST3). These status registers are only avail- 
able during the result phase of a command and may only be read 
after a command has been executed. All of the command bytes 
(usually 9) must be written to the data register port before the execu- 
tion phase can begin. All of the result bytes (usually 7) must be 
read from this register before another command can be executed. 
Table 16-6 provides bit descriptions for each of the status registers. 
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Table 16-6. Floppy Data Registers STO-ST3 


REGISTER BIT 


FUNCTION 


DESCRIPTION 


STO 0-1 


sT1 0 


Drive select 


Head address 


Not ready 


Equipment check 


Seek end 


Interrupt code 


Missing address 


Write protect 


These bits indicate which drive 
interrupted the CPU. See Table 
16-3. 


This bit indicates the state of the 
read/write head at an interrupt. 


This bit is set when the drive is 
not ready and a read or write 
command has been issued. It is 
also set if a read or write com- 
mand has been issued for side 
1 of a single-sided disk. 


This bit is set when a fault signal 
has been received from the con- 
troller or if the track 0 signal is 
not received after 77 step pulses 
during the execution of the re- 
calibrate command. 


This bit is set upon completion of 
a seek command. 


These bits indicate whether a 
command was completed and 
executed properly, started but 
not executed properly, or not 
started. 


This bit is set if the controller can- 
not find an address mark or a de- 
leted address mark. The missing 
address mark bit in register ST2 
is also set when this occurs. 


This bit is set when a write pro- 
tect signal is detected during a 
write data, write deleted data, or 
format a cylinder command. 


Table 16-6 (continued). 


REGISTER BIT 
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Floppy Data Registers STO-ST3 


FUNCTION 


DESCRIPTION 


ST2 


2 


No data 


Not used 


Overrun 


Data error 


Not used 


End of cylinder 


Missing address 


Bad cylinder 


This bit is set if the controller can- 
not find the sector specified by 
the internal data register during 
a read, write, or scan command. 
It is also set if the ID field cannot 
be read without an error during 
a read ID command. It can also 
be set during a read cylinder 
command if the starting sector 
cannot be found. 


This bit is always cleared. 


This bit is set if the controller is 
not serviced by the processor or 
DMA within a specified length of 
time. 


This bit is set when a CRC error 
is detected in either the ID or data 
field. 


This bit is always cleared. 


This bit is set when the controller 
attempts to access a_ sector 
beyond the last sector in a cylin- 
der. 


This bit is set in conjunction with 
the missing address bit of STO 
when the controller cannot find a 
data address mark or a deleted 
data address mark during a read 
command. 


When the contents of a cylinder 
is FFH and does not match the 
data stored in the internal data 
register, this bit is set. 
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Table 16-6 (continued). Floppy Data Registers STO-ST3 
a ee 


REGISTER BIT FUNCTION 


DESCRIPTION 


ee SSSSSSSSSSSSSSssesesSssee 


2 Scan not satisfied 


3 Scan equal hit 


4 Wrong cylinder 


5 Data error 
6 Control mark 
7 Not used 
ST3 0-1 Drive select 
2 Head address 
3 Two-side 
4 Track 0 
5 Ready 


This bit is set when the controller 
cannot find a sector that meets 
the condition specified in a scan 
command. 


This bit is set during the execu- 
tion of a scan command if the 
equal condition is met. 


This bit is set when the contents 
of a cylinder do not match the 
contents of the internal data reg- 
ister. 


When the controller detects a 
CRC error in the data field, this 
bit is set. 


This bit is set when the controller 
detects a deleted address mark 
during the execution of a read or 
scan command. 


This bit is always cleared. 


These bits reflect the drive select 


signals sent to the drive. See 
Table 16-3. 


This bit reflects the status of the 
side select signal sent to the 
drive. 


This bit reflects the status of the 
two-sided signal from the drive. 


This bit reflects the status of the 
track 0 signal from the drive. 


This bit reflects the status of the 
ready signal from the drive. 
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Table 16-6 (continued). Floppy Data Registers STo-ST3 


REGISTER BIT FUNCTION DESCRIPTION 
a Pee ne ee 
6 Write protect This bit reflects the status of the 
write protect signal from the 
drive. 
7 Fault This bit reflects the status of the 


fault signal from the drive. 
arr are ere De 


FDC Pinout 


The 765 FDC requires a +5 VDC voltage for normal operation. 
The clock signal used for this device is a single phase 8 MHz square 
wave. The pinout for this device is illustrated in Figure 16-2. Table 
16-7 describes the signals used by the 765 FDC. 


Figure 16-2. 765 FDC Pinout 
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Table 16-7. 765 FDC Signal Descriptions 


PIN 


SIGNAL 


NUMBER NAME 


DESCRIPTION 


1 


14 


15 


16 


17 


RESET 


DO-D7 


DRQ 


DACK 


TC 


IDX 


Reset. This input resets the output lines and places 
the FDC in an idle state. If the RDY input is held 
high during RESET, an interrupt will be generated 
within 1.024 ms. To clear the interrupt, use the 
sense interrupt status command. 


Read. A low on this input allows data transfers from 
FDC to bus. A high (1) on the CS line disables 
this input. 


Write. A low on this input allows data transfers from 
the bus to the FDC. A high (1) on the CS line dis- 
ables this input. 


Chip select. This active-low input selects the FDC 
and enables RD, WR, and AO. 


Data/status register selection. A high on this input 
(AO = 1) selects the data register contents and 
a low (AO = 0) selects the status register contents 
for transfer to the data bus. 


8-bit bidirectional data bus. These lines are dis- 
abled when CS is held high. 


Data DMA request. The FDC requests a DMA 
transfer by asserting this output (DRQ = 1). 


DMA acknowledge. This input line is held low during 
an active DMA cycle, while the FDC is perfoming 
a DMA transfer. 


Terminal count. This output fine indicates DMA 
cycle completion when high. It also terminates data 
transfers during read, write, and scan commands 
in either DMA or non-DMA mode. 


Index. A high on this input indicates the beginning 
of a disk track. 
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Table 16-7 (continued). 765 FDC Signal Descriptions 


PIN SIGNAL 
NUMBER NAME 

18 INT 

19 CLK 

20 GND 

21 WCK 

22 RDW 

23 RDD 

24 VCO/Sync 
25 WE 

26 MFM 

27 HD 

28,29 US1, USO 
30 WDA 
31,32 PS1, PSO 


DESCRIPTION 


Interrupt. This output line is the FDC interrupt re- 
quest line. 


Clock. Single-phase 8 MHz square wave clock. 
Ground. DC power return. 


Write clock. This input line sets the datawrite rate 
for the disk drive. MFM mode uses a 1MHz, 250 
ns pulse; FM mode uses a 500kHz, 250ns pulse. 


Read data window. This input line is connected to 
the phase-locked loop (PLL) and is used to sample 
data from disk. 


Read data. This is the serial data and clock input 
line used for reading data from the drive. 


VCO/sync. This output disables the VCO signal 
from the PLL when low and enables it when high. 


Write enable. This output line enables writing data 
to disk. 


MFM mode. This output line reflects the disk encod- 
ing format: 1 = MFM, 0 = FM. 


Head select. This output line reflects the head 
selected: 1 = head 1,0 = head 0. 


Unit select. This output line reflects the disk drive 
unit selected. 


Write data. This serial clock and data output line 
transfers data to disk. 


Precompensation (preshift). These outputs reflect 
the write precompensation status for MFM mode. 
They indicate early, late, or normal timing. 
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Table 16-7 (continued). 765 FDC Signal Descriptions 


PIN SIGNAL 

NUMBER NAME DESCRIPTION 

33 FLT/TRO  Fault/track 0. This input line is used for fault sensing 
in read/write mode and track 0 indication in seek 
mode. 

34 WP/TS Write protect/two side. This input line senses write 
protection in read/write mode and two-sided media 
in seek mode. 

35 RDY Ready. This input line receives the disk drive ready 
signal. 

36 HDL Head load. This output line causes the read/write 


heads to contact the disk. 


37 FR/STP Fault reset/step. This output line resets the fault flip- 
flop in the drive when in read/write mode and pro- 
vides step pulses in seek mode. A fault reset pulse 
must be issued prior to asserting HDL for read/write 
operations. 


38 LCT/DIR Low current/direction. This output line lowers write 
current on inner tracks in read/write mode and de- 
termines seek direction in seek mode. 


39 RW/SEEK Read write/seek. This output line selects either 
read/write or seek mode: seek = 1, read/write 
mode = 0. 

40 Vec +5V DC power. 
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Programming Floppy Disk Operations 


Before the FDC can carry out a disk operation, the digital output 
register and the floppy control register must be initialized. For exam- 
ple, a data byte consisting of the bit pattern 00000000 (00H), which 
selects a data transfer rate of 500 kbps, must be output to port 
3F7H. Then, a data byte consisting of the bit pattern 00011100 
(1CH) which, selects drive A, enables the DMA and interrupt circuits, 
and turns on disk drive A's motor, must be output to port 3F2H. 


NOTE: Bit 2 of the digital output register should only be cleared 
if a serious error occurs. When the controller is reset, the disk drives 
must be recalibrated, moving each drive's head to track 0. 


The following sequence represents a typical series of steps that 
could be used in programming a disk operation: 


1. Specify head settling time and amount of data to be trans- 
ferred. 


2. Specify the data transfer rate and the recording mode (FM 
or MFM). 


3. Select a drive and turn on the motor. 
4. Wait for the motor to come to speed. 
5. Send the command instruction set to the controller. 


6. Wait for the interrupt that indicates the completion of the opera- 
tion. 


7. Initialize the DMA to move data to or from memory. 


8. Send the proper instruction to the controler to read or write 
data. 


9. Wait for the interrupt that indicates the completion of the opera- 
tion. 
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10. Read the status report from the controller and analyze it to 
make sure the operation was performed correctly. 


11. Turn off the motor. 


These steps represent a simplified version of a basic disk access 
operation, such as reading or writing a sector. Due to the structure 
of the disk, reading or writing a sector is not quite this simple. In 
order to read or write a specific sector, first read the disk directory 
to locate the file. Next, use the file allocation tables to locate the 
desired sector on the disk. Third, move the heads to the track and 
locate the sector, and then perform the read or write operation. The 
software interrupts contain all the necessary routines to perform 
these complex operations. Refer to Chapter 10 for complete pro- 
gramming information on the disk drive interrupts. In addition, refer 
to the Programmer's Utility Package for a description of the organi- 
zation of the MS-DOS disk. 


Floppy Disk Controller Commands 


The FDC can execute 15 different commands. Each command is 
initiated by outputting a multibyte instruction to the floppy data regis- 
ter at port 3F5H. The controller then executes the commands and 
returns a multibyte result report to the floppy data register. These 
result bytes must be read by the microprocessor before another 
command can be initiated. 


For more information on programming this controller, refer to the 
NEC’s «.PD765A/7265 data sheet. The available controller com- 
mands include the following: 


Reading and writing one or more sectors 

Reading an entire track 

Locating the position of the head on a track 
Formatting a track 

Scanning and comparing written data against memory 
Seeking to a track 

Calibrating (synchronizing) head-to-track information 
Checking interrupt and drive status 

Seeking to a specified track. 
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* Table 16-8 describes the 15 commands available in the FDC. 


Table 16-8. Floppy Disk Controller Commands 


COMMAND DESCRIPTION 

Read data Reads data from one or more sectors of a two-track 
cylinder. 

Read deleted data Allows a sector marked with a deleted data mark 
to be read. 

Write data Writes data to one or more sectors of a one- or 
two-track cylinder. 

Write deleted data Same as a write data command except that deleted 


Read a track 


Read sector ID 


Format a track 


Scan equal 


Scan low or equal 


data marks are written instead of normal data 
marks. 


Reads the contents of an entire track. 


Reads the values of the first ID field it is able to 
read. 


Allows an entire track to be formatted. 


Reads the data on the disk and compares it to the 
data supplied by the processor. If the two sets of 
data are equal, the operation terminates. 


Reads the data on the disk and compares it to the 
data supplied by the processor. If the disk data is 
of equal or lesser value, the operation terminates. 
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Table 16-8 (continued). Floppy Disk Controller Commands 


COMMAND 


Scan high or equal 


Recalibrate 


Sense interrupt status 


Specify 


Drive status 


Seek 


DESCRIPTION 


Reads the data on the disk and compares it to the 
data supplied by the processor. If the disk data is 
of equal or greater value, the operation terminates. 


Causes the head of the selected drive to be moved 
to track 0. The internal track counter is cleared for 
this drive. 


Allows the user to sense interrupts that result during 
seek and recalibrate commands, which have no re- 
sult phase. . 


Sets the initial values of each of three internal tim- 
ers. These are the head unload time, the step rate 
time, and the head toad time. 


Reports the status of the disk drives. 


Causes the disk drive to seek to the specified cylin- 
der. The specified drive’s track counter is incre- 
mented or decremented according to the number 
of step pulses sent to the drive. 


Most of the commands begin with a byte that initializes the controller 
for the operation that follows. This byte allows deleted address 
marks to be skipped, selects FM or MFM encoding, and allows use 
of multi-track mode. This byte is usually followed by a head and 
drive select byte. Table 16-9 lists each of the bits used for these 
command bytes and describes their function. The bit position for 
the command bytes is described with each instruction. 


Page 16-21 
Mass Storage 


Table 16-9. Controller Command Bits 


BIT DESCRIPTION 

Skip bit If set (1), this bit causes the operation to skip the 
deleted data address mark. 

FM/MEM bit If clear (0), the controller is placed in the FM read/ 
write mode. If set (1), the controller is placed in 
the MFM read/write mcde. 

Multitrack bit If set (1), the multitrack mode is in effect. At the 


end of side 0, side 1 will be used automatically. 


Head number bit This is the same as the head address and will be 
set (1) for side 1 or clear (0) for side 0. 


Drive unit number bits These two bits specify the drive unit number: unit 
0 = drive A, unit 1 = drive B, unit 2 = drive C, 
and unit 3 = drive D. 


Read data — This command uses nine command bytes and returns 
seven result bytes. It reads data from one or more sectors. Each 
of the command and status bytes are described in Tables 16-9 and 
16-10. 


Table 16-10. Read Data Command 


PHASE BYTE DESCRIPTION 


Command 1 Write the first set of command codes. Bits 0 - 4 
06H; bit 5 = skip bit; bit 6 = FM/MFM bit; bit 7 
multitrack bit. Refer to Table 16-9. 


2 Write the second set of command codes. Bits 0 — 1 
= drive unit number (0 — 3); bit 2 = head number; 
bits 3-7 = notused. Refer to Table 16-9. 


3 Write the cylinder (track) number. 
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Table 16-10 (continued). Read Data Command 


i 


4 Write the head address. This value is equal to the 
value of the head number (0 or 1), as defined in Table 
16-6. 

5 Write the sector number to be read. 

6 Write the number of bytes per sector. 

7 Write the end of track, which is the final sector number 


to be read on a cylinder. 


8 Write the gap length, which is used for synchronization 
in read operations. 


9 Write the data length. If the bytes per sector value 
(byte 6) is 0, this value is the data length to be read 
from or written to each sector. 


Result 1 Read STO. Refer to Table 16-6. 
2 Read ST1. Refer to Table 16-6. 
3 Read ST2. Refer to Table 16-6. 
4 Read cylinder (track) number. 
5 Read head number. 
6 Read sector number. 
7 Read bytes per sector. 


SS 
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Read deleted data — This command uses nine command bytes 
and returns seven result bytes. It reads data from a sector that 
has been marked with a deleted data mark, as described in Table 
16-11. With the exception of the first set of command codes, this 
command is identical to the read data command. 


Table 16-11. Read Deleted Data Command 


PHASE BYTE DESCRIPTION 


Command 1 Write the first set of command codes. Bits 0 — 4 
OCH; bit 5 = skip bit; bit 6 = FM/MFM bit; bit 7 
multitrack bit. Refer to Table 16-9. 


2 Write the second set of command codes. Bits 0 — 1 
= drive unit number (0 — 3); bit 2 = head number; 
bits 3—7 = not used. Refer to Table 16-9. 


3 Write the cylinder (track) number. 

4 Write the head address. This value is equal to the 
value of the head number (0 or 1), as defined in Table 
16-9. 

5 Write the sector number to be read. 

6 Write the number of bytes per sector. 

7 Write the end of track, the final sector number to be 


read on a cylinder. 


8 Write the gap length, which is used for synchronization 
in read operations. 


9 Write the data length. If the bytes per sector value 
(byte 6) is 0, this value is the data length to be read 
from or written to each sector. 
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Table 16-11 (continued). Read Deleted Data Command 


PHASE BYTE DESCRIPTION 


Result 1 Read STO. Refer to Table 16-6. 
2 Read ST1. Refer to Table 16-6. 
3 Read ST2. Refer to Table 16-6. 
4 Read cylinder (track) number. 
5 Read head number. 
6 Read sector number. 
vA Read bytes per sector. 


LL 


Write data — This command uses nine command bytes and returns 
seven result bytes. It writes data to one or more sectors of a two- 
track cylinder, as described in Table 16-12. 


Table 16-12. Write Data Command 


Saat a i a Se ee ge 

PHASE BYTE DESCRIPTION 

5 

Command 1 Write the first set of command codes. Bits 0 — 4 = 
OSH; bit 5 = 0; bit 6 = FM/MFM bit; bit 7 = multitrack 
bit. Refer to Table 16-9. 


2 Write the second set of command codes. Bits 0 — 1 
= drive unit number (0 — 3); bit 2 = head number; 
bits 3-7 = not used. Refer to Table 16-9. 


3 Write the cylinder (track) number. 

4 Write the head address. This value is equal to the 
value of the head number (0 or 1), as defined in Table 
16-9. 

5 Write the sector number to be read. 


ae 
\ 
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Table 16-12 (continued). Write Data Command 


en LEE EEE 


PHASE BYTE DESCRIPTION 


ee 
6 Write the number of bytes per sector. 


7 Write the end of track, the final sector number to be 
read on a cylinder. 


8 Write the gap length, which is used for synchronization 
in read operations. 


9 Write the data jength. If the bytes per sector value 
(byte 6) is 0, this value is the data length to be read 
from or written to each sector. 


Result 1 Read STO. Refer to Table 16-6. 
2 Read ST1. Refer to Table 16-6. 
3 Read ST2. Refer to Table 16-6. 
4 Read cylinder (track) number. 
5 Read head number. 
6 Read sector number. 
ie Read bytes per sector. 


Write deleted data — This command uses nine command bytes 
and returns seven result bytes. It writes data with a deleted data 
mark as described in Table 16-13. With the exception of the first 
set of command codes, this command is identical to the write data 
command. 
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Table 16-13. Write Deleted Data Command 


PHASE BYTE DESCRIPTION 


Command 1 


Result 1 


Write the first set of command codes. Bits 0 — 4 = 
O9H; bit 5 = 0; bit 6 = FM/MFM bit; bit 7 = multitrack 
bit. Refer to Table 16-9. 

Write the second set of command codes. Bits 0 - 1 
= drive unit number (0 — 3); bit 2 = head number; 
bits 3-7 = not used. Refer to Table 16-9. 

Write the cylinder (track) number. 

Write the head address. This value is equal to the 
value of the head number (0 or 1), as defined in Table 
16-9. 

Write the sector number to be read. 

Write the number of bytes per sector. 


Write the end of track, the final sector number to be 
read on a cylinder. 


Write the gap length, which is used for synchronization 
in read operations. 


Write the data length. If the bytes per sector value 
(byte 6) is 0, this value is the data length to be read 
from or written to each sector. 

Read STO. Refer to Table 16-6. 

Read ST1. Refer to Table 16-6. 

Read ST2. Refer to Table 16-6. 

Read cylinder (track) number. 

Read head number. 


Read sector number. 


Read bytes per sector. 
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Read a track — This command uses nine command bytes and 
returns seven result bytes. It reads the contents of an entire track 
from the index (timing) hole to the end of the track, as described 
in Table 16-14. 


Table 16-14 (continued). Read a Track Command 


PHASE BYTE DESCRIPTION 


Command 1 Write the first set of command codes. Bits 0 - 4 = 
02H; bit 5 = skip bit; bit 6 = FM/MFM bit; bit 7 = 
0. Refer to Table 16-9. 


2 Write the second set of command codes. Bits 0 — 1 
= drive unit number (0 — 3); bit 2 = head number; 
bits 3—7 = not used. Refer to Table 16-9. 


3 Write the cylinder (track) number. 

4 Write the head address. This value is equal to the 
value of the head number (0 or 1), as defined in Table 
16-9. 

5 Write the sector number to be read. 

6 Write the number of bytes per sector. 

T Write the end of track, the final sector number to be 


read ona cylinder. 


8 Write the gap length, which is used for synchronization 
in read operations. 


9 Write the data length. If the bytes per sector value 
(byte 6) is 0, this value is the data length to be read 
from or written to each sector. 


Result 1 Read STO. Refer to Table 16-6. 
2 Read ST1. Refer to Table 16-6. 
3 Read ST2. Refer to Table 16-6. 
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Table 16-14 (continued). Read a Track Command 


PHASE BYTE DESCRIPTION 


4 Read cylinder (track) number. 
5 Read head number. 

6 Read sector number. 

7 Read bytes per sector. 


— 


Read sector ID — This command uses two command bytes and 
returns seven result bytes. It reads the values of the first ID field 
itis able to read, as described in Table 16-15. 


Table 16-15. Read Sector ID Command 


-_ooOooooo 


PHASE BYTE DESCRIPTION 


_— 


Command 1 Write the first set of command codes. Bits 0 — 4 = 
OAH; bit 5 = 0; bit 6 = FM/MFM bit; bit 7 = 0. Refer 

to Table 16-9. 
2 Write the second set of command codes. Bits 0 — 1 


= drive unit number (0 — 3); bit 2 = head number; 
bits 3-7 = not used. Refer to Table 16-9. 


Result 1 Read STO. Refer to Table 16-6. 
2 Read ST1. Refer to Table 16-6. 
3 Read ST2. Refer to Table 16-6. 
4 Read cylinder (track) number. 
5 Read head number. 
6 Read sector number. 
7 Read bytes per sector. 


se 
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Format a track — This command uses six command bytes and 
returns seven result bytes. It formats an entire track, as described 
in Table 16-16. 


Table 16-16. Format a Track Command 


—_ 


PHASE BYTE DESCRIPTION 


Command 1 Write the first set of command codes. Bits 0 - 4 = 
ODH; bit 5 = 0; bit6 = FM/MFM bit; bit 7 = 0. Refer 

to Table 16-9. 
2 Write the second set of command codes. Bits 0 — 1 


= drive unit number (0 — 3); bit 2 = head number; 
bits 3-7 = not used. Refer to Table 16-9. 


3 Write the number of bytes per sector. 
4 Write the number of sectors per track. 
5 Write the number of bytes in gap 3. During read/write 


commands, this value determines the time that the 
sync signal will be active. 


6 Write the pattern to be used in the data area of each 
sector. 
Result 1 Read STO. Refer to Table 16-6. 
2 Read ST1. Refer to Table 16-6. 
3 Read ST2. Refer to Table 16-6. 
4 Read cylinder (track) number. 
5 Read head number. 
6 Read sector number. 
7 Read bytes per sector. 


SE 
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Scan equal — This command uses nine command bytes and re- 
turns seven result bytes. It reads the data on the disk and compares 
it with the data supplied by the processor as described in Table 
16-17. If the two sets of data are equal, the operation terminates. 


Table 16-17. Scan Equal Command 


PHASE BYTE DESCRIPTION 


Command 1 


Result 1 


Write the first set of command codes. Bits 0 — 4 
11H; bit 5 = skip bit; bit 6 = FM/MFM bit; bit 7 
multitrack bit. Refer to Table 16-9. 


Write the second set of command codes. Bits 0 — 1 
= drive unit number (0 — 3); bit 2 = head number; 
bits 3—7 = not used. Refer to Table 16-9. 

Write the cylinder (track) number. 

Write the head address. This value is equal to the 
value of the head number (0 or 1), as defined in Table 
16-9. 

Write the sector number to be read. 


Write the number of bytes per sector. 


Write the end of track, the final sector number to be 
read on a cylinder. 


Write the gap length, which is used for synchronization 
in read operations. 


Write the sector timing pattern. If this byte = 1, the 
sectors are contiguous. If this byte = 2, the sectors 
alternate. 

Read STO. Refer to Table 16-6. 

Read ST1. Refer to Table 16-6. 


Read ST2. Refer to Table 16-6. 


BmieEeamwnk ee & 
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Table 16-17 (continued). Scan Equal Command 


PHASE BYTE 


4 


5 


DESCRIPTION 

Read cylinder (track) number. 
Read head number. 

Read sector number. 


Read bytes per sector. 


Scan low or equal — This command uses nine command bytes 
and returns seven result bytes. It reads the data on the disk and 
compares it with the data supplied by the processor, as described 
in Table 16-18. If the disk data is of equal or of lesser value, the 
operation terminates. 


Table 16-18. Scan Low or Equal Command 


PHASE BYTE 


Command 1 


DESCRIPTION 


Write the first set of command codes. Bits 0 - 4 
19H; bit 5 = skip bit; bit 6 = FM/MFM bit; bit 7 
multitrack bit. Refer to Table 16-9. 


Write the second set of command codes. Bits 0 — 1 
= drive unit number (0 — 3); bit 2 = head number; 
bits 3-7 = not used. Refer to Table 16-9. 

Write the cylinder (track) number. 

Write the head address. This value is equal to the 
value of the head number (0 or 1), as defined in Table 
16-9. 

Write the sector number to be read. 


Write the number of bytes per sector. 


Write the end of track, the final sector number to be 
read on a cylinder. 
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Table 16-18 (continued). Scan Low or Equal Command 


PHASE BYTE 


Result 1 


DESCRIPTION 


Write the gap length, which is used for synchronization 
in read operations. 


Write the sector timing pattern. If this byte = 1, the 
sectors are contiguous. If this byte = 2, the sectors 
alternate. 

Read STO. Refer to Table 16-6. 

Read ST1. Refer to Table 16-6. 

Read ST2. Refer to Table 16-6. 

Read cylinder (track) number. 

Read head number. 


Read sector number. 


Read bytes per sector. 


Scan high or equal — This command uses nine command bytes 
and returns seven result bytes. It reads the data on the disk and 
compares it with the data supplied by the processor, as described 
in Table 16-19. If the disk data is of equal or greater value, the 
operation terminates. 
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Table 16-19 Scan High or Equal Command 


PHASE BYTE DESCRIPTION 


Command 1 


Result 1 


Write the first set of command codes. Bits 0 - 4 = 
1DH; bit 5 = skip bit; bit 6 = FM/MFM bit; bit 7 = 
multitrack bit. Refer to Table 16-9. 

Write the second set of command codes. Bits 0 - 1 
= drive unit number (0 — 3); bit 2 = head number; 
bits 3-7 = notused. Refer to Table 16-9. 

Write the cylinder (track) number. 

Write the head address. This value is equal to the 
value of the head number (0 or 1), as defined in Table 
16-9. 

Write the sector number to be read. 

Write the number of bytes per sector. 


Write the end of track, the final sector number to be 
read on a cylinder. 


Write the gap length, which is used for synchronization 
in read operations. 


Write the sector timing pattern. If this byte = 1, the 


sectors are contiguous. If this byte = 2, the sectors 
alternate. 


Read STO. Refer to Table 16-6. 
Read ST1. Refer to Table 16-6. 
Read ST2. Refer to Table 16-6. 
Read cylinder (track) number. 
Read head number. 


Read sector number. 


Read bytes per sector. 
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Recalibrate — This command uses two command bytes and does 
not return any result bytes. It causes the head of the selected drive 
to be moved to track 0. The internal track counter for the drive 
is cleared. Refer to Table 16-20 for the description of the two com- 
mand bytes. A sense interrupt command must be sent following 
this command or the FDC will consider the next command to be 
invalid. 


Table 16-20. Recalibrate Command 


PHASE BYTE DESCRIPTION 


Command 1 Write the first command code. Bits O—7 = 07H. 


2 Write the second set of command codes. Bits 0 — 1 
= drive unit number (0 — 3); bits 2-7 = not used. 
Refer to Table 16-9. 


Sense interrupt status — This command uses one command byte 
and returns two result bytes. It allows the user to sense interrupts 
that result during seek and recalibrate commands, as described in 
Table 16-21. It is used in conjunction with seek and recalibrate com- 
mands, since they have no result phase. 


Table 16-21. Sense Interrupt Status Command 


PHASE BYTE DESCRIPTION 


Command 1 Write the command code. Bits O—7 = 08H. 
Result 1 Read STO. Refer to Table 16-6. 
a Read cylinder (track) number. 
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Specify — This command uses three command bytes. It sets the 
initial values of each of three internal timers, as described in Table 
16-22. These are the head unload time, the step rate time, and 
the head load time. 


Table 16-22. Specify Command 


PHASE BYTE DESCRIPTION 


Command 1 Write the command code. Bits 0-7 = 03H. 
2 Write the head unload time and step rate time. Bits 
0-3 = head unload time in 16 ms increments. Bits 
4-7 = step rate time in 1 ms increment. 


Result 1 Read STS. Refer to Table 16-6. 


Drive Status — This command uses two command bytes and re- 
turns one result byte. It reports the status of the specified disk drive, 
as described in Table 16-23. 


Table 16-23. Drive Status Command 


PHASE BYTE DESCRIPTION 


Command 1 Write the first command code. Bits O—7 = 04H. 
2 Write the second set of command codes. Bits 0 — 1 
= drive unit number (0 — 3); bit 2 = head number; 
bits 3-7 = not used. Refer to Table 16-9. 


Result 1 Read ST3. Refer to Table 16-6. 
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Seek — This command uses three command bytes. It causes the 
specified disk drive to seek to the specified cylinder, as described 
in Table 16-24. The specified drive’s track counter is incremented 
or decremented according to the number of step pulses sent to 
the drive. A sense interrupt status command must be sent after 
this command or the FDC will consider the next command invalid. 


Table 16-24. Seek Command 


PHASE BYTE DESCRIPTION 


Command 1 Write the first command code. Bits O—7 = OFH. 


2 Write the second set of command codes. Bits 0 — 1 
= drive unit number (0 — 3); bit 2 = head number; 
bits 3-7 = not used. Refer to Table 16-9. 


3 Write the new cylinder number to which the heads are 
to be stepped. 


NOTE: — Any other command codes that are sent to the data register 
will result in a NOP operation and one status byte with a value of 80H 
will be returned. 


Hard Disk Control 


This computer contains all circuitry necessary to support the internal 
hard disk drive. The hard disk controller contains firmware that re- 
sponds to control signals provided by the BIOS firmware. Chapter 
10 discusses using the BIOS interrupts. Custom circuits provide PC- 
compatible hard disk control, including timing, automatic head and 
cylinder switching, automatic seek and verify of each data transfer, 
data error sensing and correction, sector interleave, enhanced step 
rates, and removable cartridge drive support. 


Data is transferred to the hard disk at a rate of 5 Mbps, in 16-bit 
words. The internal controller can also select an 8-bit mode, allowing 
four additional bytes to be transferred for long-word read and write 
commands. A 512-byte sector buffer is provided to prevent data 
overruns during transfer operations. 
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Hard Disk Drive Control Registers 


Eight task file registers and two auxiliary registers control and pro- 
vide status reports for the hard disk drive controller. Table 16-25 
lists the primary and secondary port addresses for these registers. 
The table also illustrates the read and write operation for each regis- 
ter. 


Table 16-25. Hard Disk Drive Control Register Port Addresses 


aS 


PRIMARY SECONDARY READ OPERATION WRITE OPERATION 
PORTADDRESS PORTADDRESS REGISTER REGISTER 

se a 
1FOH 170H Data Data 

1F1H 171H Error Write precomp 
1F2H 172H Sector count Sector count 
1F3H 173H Sectornumber Sector number 
1F4H 174H Cylinder low Cylinder low 
1F5H 175H Cylinder high Cylinder high 
1F6H 176H Drive & head Drive & head 
1F7H 177H Status Command 

3F6H 376H Not used Fixed disk 

3F7H 377H Digital input Digital output 


NOTE: The digital output register and bit 7 of the digital input register are 
used in floppy disk drive operations. 


Data Register (Port 1F0H) 


The data register is used in parallel read and write operations. It 
provides a 16-bit path to the sector buffer. Data bytes pass through 
this buffer to prevent overruns during read and write operations. 
An internal controller allows the register to select 8-bit mode, allow- 
ing the additional 4 bytes of ECC code to be transferred in a read 
or write long command. 
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Error Register (Port 1F1H) 


The error register is a read-only register which returns a 1-byte code 
giving error information about the last command. Two sets of codes 
are used. The first set, listed in Table 16-26, appears following the 
execution of a diagnostic command. The second set, listed in Table 
16-27, appears following the execution of any other command. 


Following the execution of a diagnostic command, the controller is 
in diagnostic mode. In this mode the hex value of the register con- 
tents determines the error condition. In normal operation mode, each 
bit of the register indicates a particular error condition. The contents 
of this register are valid only when the error bit of the status register 
is set. 


Table 16-26. Diagnostic Mode Error Register Codes 
$$ 


CODE ERROR 
eee 
01H No error 
02H Controller error 
03H Sector buffer error 

.04H ECC device error 
05H Control processor error 


SS 


Table 16-27. Operation Mode Error Register Codes 
a 


BIT FUNCTION DESCRIPTION 

eee 

0 Data address mark This bit is set if the data address mark 
not found is not found in the 16 bytes following 


the ID field. If the controller is pro- 
grammed for retry, 16 passes are made 
before the bit is set. If the controller is 
not programmed for retry, only one 
pass is made. 


1 Track 0 This bit is set during a restore com- 
mand if the track 0 signal is not set with- 
in 2047 step pulses. 
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Table 16-27 (continued). Operation Mode Error Register 


Codes 
ee ae ee en 
BIT FUNCTION DESCRIPTION 
See ne ede Fe 
2 Aborted command This bit is set if an invalid command 


is received by the controller. It is also 
set if a drive not ready, no seek com- 
plete, or write fault signal are received 
from the drive. 


3 Cartridge changed This bit reflects the status of the car- 
tridge changed line of the drive. It must 
be cleared using the acknowledge car- 
tridge changed command before any 
other command can be executed. 


4 ID not found This bit is set if the desired ID field is 
not found within 2 revolutions of search. 
When the controller has been pro- 
grammed for retry, 16 search attempts 
are made. Also, an automatic seek to 
the correct cylinder is issued if the 
heads are located on the wrong cylin- 
der. If the controller is not programmed 
for retry, no automatic seek is issued 
if the heads are located on the wrong 
cylinder. The error bit is set following 
2 revolutions of search. 


5 Write protected This bit is only used with removable 
cartridge drives. If the cartridge has 
been write protected, the bit is set. 


6 Data ECC This bit is set if an noncorrectable data 
ECC error is detected. 


7 Bad block detect This bit is set when a bad block mark 
is read from the ID field. When this bit 
is set, any read or write operation is 
aborted. 


a 


Page 16-40 
Mass Storage 


Write-Precompensation Register (Port 1F1H) 


The write-precompensation register is an 8-bit write only register. 
The hex value written to this register is multiplied by 4 by the control- 
ler and the resultant value is used as the first precompensated cylin- 
der number. 


Sector Count Register (Port 1F2H) 


The sector count register is an 8-bit register used in conjunction 
with the sector number register. It specifies the number of sectors 
to be transferred during a read or write operation. Multiple sector 
operations are supported and may cross tracks and cylinders. The 
appropriate drive characteristics must be loaded using the set drive 
parameter command before a multiple sector transfer can be exe- 
cuted. During multiple sector operations, this register is de- 
cremented and the sector number register is incremented after each 
successful sector transfer. When a value of zero is placed in the 
sector count register, a transfer of 256 sectors is specified. 


Sector Number Register (Port 1F3H) 


This 8-bit register is used during read, write, and verify operations. 
It must be loaded with the logical starting sector number prior to 
execution of the command. Upon completion of the command, the 
register is updated with the last sector read or written. If an error 
is detected, upon termination of the command, the register is loaded 
with the sector in error. 


Cylinder Low and Cylinder High Registers 
(Ports 1F4H and 1F5H) 


This pair of 8-bit registers are used during read, write, seek, and 
format operations. The cylinder low register (port 1F44H) is loaded 
with the low-byte hex value of the starting cylinder for the operation. 
The cylinder high register (port 1F5H) contains the starting cylinder 
high-byte hex information. Upon completion of the operation, the 
registers are updated and contain current cylinder information. 


mo 
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Drive and Head Register (Port 1F6H) 


This 8-bit write-only register is used to program drive and head 
select for most operations. It is also used with the set parameters 
command to indicate the maximum number of heads for each drive. 
Table 16-28 provides coding information for this register. The con- 
troller supports a maximum of two hard disk drives with a maximum 
of 16 heads each. 


Table 16-28. Drive and Head Register Codes 


BIT FUNCTION DEFINITION 

eee er ee 

0-3 Head select Enter a hex value ranging from 0-F. The value 
indicates the head selected for most opera- 
tions. The maximum number of heads for the 
drive indicated by bits 4-7 for the set parame- 
ters command. 


4-7 Drive select Enter the bit pattern 1010 (AH) to select or 
set the parameters for drive 0. Enter the bit 
pattern 1011 (BH) to select or set parameters 
for drive 1. 


ee a 


Status Register (Port 1F7H) 


This 8-bit read-only register contains a 1-byte code that indicates 
the status of the drive and the controller. Reading this register clears 
the hard disk interrupt. Table 16-29 provides the decoding informa- 
tion for the register. 


Table 16-29. Status Register Codes 


a 


BIT FUNCTION DEFINITION 

a 

0 Error This bit is set when an error is encoun- 
tered while executing a command. It indi- 
cates that the command was terminated. 
When this bit is set, the microprocessor 
should read the error register to determine 
the nature of the error. 
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Table 16-29 (continued). 


Status Register Codes 


-_-o oo eseseSsSsSmh 


BIT 


FUNCTION 


DEFINITION 


oo essSSSSsS——esesesSssmh 


1 


Index 


Corrected data 


Data request 


Seek complete 


Write fault 


Drive ready 


Busy 


This bit reflects the state of the index sig- 
nal from the drive. 


This bit is set during a read command 
when the data in the buffer awaiting trans- 
fer has been corrected using ECC. This 
bit does not cause a multiple sector read 
command to abort if a correctable data 
error is encountered, but does remain set 
until a new command is issued. 


This bit is a signal to the microprocessor 
that the controller is ready for data to be 
read from or written to the data register. 
When the appropriate amount of data has 
been transferred, the bit is cleared. 


This bit reflects the state of the seek com- 
plete signal from the drive. 


This bit reflects the state of the write fault 
signal from the drive. 


This bit reflects the state of the drive ready 
signal from the drive. 


This bit is set while the controller is execut- 
ing a command. While this bit is set, the 
contents of bits 1, 4, 5, and 6 are valid. 
However, all other | bits, and all other regis- 
ters, are considered invalid. Check the 
Status of this bit prior to reading any other 
registers. 


eee 
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Command Register (Port 1F7H) 


The 8-bit code written to this register provides the controller with 
the commands to be executed. The controller is capable of executing 
thirteen commands. Prior to writing a command to this register, the 
other registers containing information to be used during execution 
must be loaded and the busy bit (bit 7) of the status register must 
be cleared. Tables 16-30 and 16-31 provide coding information for 
this register. The commands are described in greater detail later 
in this chapter. 


Table 16-30. Command Register Coding 


on 


COMMAND BINARY CODE HEX CODE 
a ak nL a 
Test drive 0000 0000 00H 
Cartridge change 00000000 00H 
Restore 0001 XXXX 1XH (see note) 
Read sector 
Data only with retry 0010 0000 20H 
Data only, no retry 0010 000 121H 
Data & ECC with retry 0010 0010 22H 
Data & ECC, no retry 0010 0011 23H 
Write sector 
Data only with retry 0011 0000 30H 
Data only, no retry 0011 0001 31H 
Data & ECC with retry 00110010 32H 
Data & ECC, no retry 0011 0011 33H 
Verify with retry 0100 0000 40H 
Verify, no retry 0100 0001 41H 
Format 0101 0000 50H 
Seek 0111 XXXX 7XH (see note) 
Diagnose 1001 0000 90H 
Set parameters 1001 0001 91H 
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Table 16-30 (continued). Command Register Coding 


COMMAND BINARY CODE HEX CODE 
Acknowledge cartridge 

change 1011 0000 BOH 

Set drive type 1111 0000 FOH 
Recovery mode on 1111 0001 FiH 
Recovery mode off 11110010 F2H 


NOTE: The low-order bits of this command byte set the step rate for the 
seek or restore operation. See Table 16-31 for specific programming infor- 
mation. 

a ee ee 


Both the seek and restore commands may be executed at step 


rates between 5 microseconds and 7.5 milliseconds. The step rate. 


is programmed with the lower 4 bits of the command byte. Table 
16-31 provides coding information for the variable step rates. 


Table 16-31. Seek and Restore Step Rate Codes 


nn ns 


STEP RATE BINARY CODE HEX CODE 
se 
5s 1110 EH 

10 ps 0111 7H 

20 us 1000 8H 

30 ps 1001 9H 

35 ps 0000 OH 

40 ps 1010 AH 

50 ps 1011 BH 

60 ps 1100 CH 

70 ps 1101 DH 

0.5 ms 0001 1H 
1.0ms 0010 2H 

1.5 ms 0011 3H 
2.0ms 0100 4H 
2.5ms 0101 5H 

3.0 ms (see note) 0110 6H 

7.5 ms 1111 FH 


NOTE: Following execution of a reset or diagnose command, the controller 
sets the step rate to 3.0 milliseconds. 
oe ee es 
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Fixed Disk Register (Port 3F6H) 


This 8-bit write-only register enables the fixed disk interrupt and 
resets the fixed disk functions. It does not support reduced write 
current functions. Table 16-32 provides coding information for this 
register. 


Table 16-32. Fixed Disk Register Codes 


ES 


BIT FUNCTION DESCRIPTION 


nn aS ESSERE 


0 Not used 

1 Interrupt When this bit is cleared, the fixed disk interrupt 
is enabled. Setting this bit disables the fixed disk 
interrupt. 

2 Reset When this bit is set, the fixed disk functions are 
reset. 

3 Reserved This controller does not support the reduced 
write current function. 


4-7 Not used 


eran cane 


Digital Input Register (Port 3F7H) 


This 8-bit read-only register reflects the control signals being sent 
to the drive during a read operation. Bits 0 through 6 reflect the 
status of the hard disk drive. Bit 7 indicates the status of the floppy 
disk changed signal. Table 16-33 provides decoding information for 
the digital input register. 


Table 16-33. Digital Input Register Codes 
BIT FUNCTION DESCRIPTION 


0 Drive 0 This bit reflects the state of the drive 0 select signal 
sent from the controller. 


1 Drive 1 This bit reflects the state of the drive 1 select signal 
sent from the controller. 
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Table 16-33 (continued). Digital Input Register Codes 


BIT FUNCTION DESCRIPTION 


2 Head 0 This bit reflects the state of the head 0 select signal 
sent from the controller. 


3 Head 1 This bit reflects the state of the head 1 select signal 
sent from the controller. 


4 Head 2 This bit reflects the state of the head 2 select signal 
sent from the controller. 


5 Head 3 This bit reflects the state of the head 3 select signal 
sent from the controller. 


6 Write gate This bit reflects the state of the write gate signal 
sent from the controller. 


7 Floppy This bit reflects the state of the floppy disk changed 
signal sent from the floppy disk drive. 


Programming Hard Disk Operations 


Programming hard disk operations in this computer is not simple 
since a variety of hard disk drives are accommodated. Be sure you 
are thoroughly familiar with the parameters for the drive you intend 
to program. As with floppy disk operations, an error in programming 
results in lost data at best. The software interrupts discussed in 
Chapter 10 contain all the routines necessary to carry out hard disk 
operations. Use these whenever possible to prevent lost data and 
drive damage. Also, refer to Programmer's Utility Package for addi- 
tional information. 


Hard Disk Controller Commands 


The hard disk controller (HDC) accepts thirteen commands. In gen- 
eral, commands are executed in the following manner: 


1. Output the drive, head, disk, and operation information to the 
appropriate hard disk control register ports. 


Page 16-47 
Mass Storage 


2. Read the controller status register to verify that the controller 
is not busy, the write fault signal is inactive, and the drive 
ready and seek complete signals are active. 


3. Output the command byte to the command register. 


4. Read the controller status register and error register ports to 
verify that the command was properly executed. 


The remainder of this chapter provides information about each of 
these commands. 


Set parameters, set drive type — A maximum of two hard disk 
drives may be installed in this computer. They need not be the same 
drive type or have the same drive parameters. The HDC supports 
several different hard disk drives. The set parameters and set drive 
type commands notify the controller which drives have been installed 
in a particular system. These commands must be executed prior 
to attempting any multi-sector operations and after each power-up 
and reset. The drives are defaulted to fixed disk types at power-up 
and reset. The set parameters command is issued first, followed 
by the set drive type command. This command set must be issued 
for each hard disk drive installed in the system. 


To execute the set parameters command, refer to Table 16-28 and 
output the drive number and the maximum number of heads in the 
drive to the head and drive register (port 1F6H) and the bit pattern 
0001 0001 (11H) to the sector count register (port 1F2H). Then 
output the bit pattern 1001 0001 (91H) to the command register 
(port 1F7H). 


To execute the set drive type command, output the drive number 
to the head and drive register (port 1F6H). If the drive is a fixed 
disk type, output the bit pattern 0000 0000 (00H) to the cylinder 
high register (port 1F5H). If the drive is a removable cartridge type, 
output the bit pattern 0000 0001 (01H) to the cylinder high register 
(port 1F5H). Then output the bit pattern 1111 0000 (FOH) to the 
command register (port 1F7H). 
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Test drive/cartridge change — This command tests the state of 
the drive ready and cartridge changed signals from the drive. It is 
executed by outputting the drive and head select bit pattern to the 
drive and head register (port 1F6H) and then the bit pattern 
00000000 (00H) to the command register port (port 1F7). Refer to 
Table 16-28 for the drive and head register codes. 


Acknowledge cartridge changed — This command resets the car- 
tridge changed signal from a removable cartridge drive by deselect- 
ing and then reselecting the drive. If the controller is in hardware 
drive select mode, the drive to be reset must be deselected and 
reselected through the head and drive register before this command 
can be executed. Refer to Table 16-28 for drive and head register 
codes. This command must be issued for each drive indicating a 
cartridge changed error. 


To execute this command, deselect and reselect the drive indicating 
an error by outputting the head and drive code bytes to the head 
and drive register (port 1F6H), and then output the bit pattern 1011 
0000 (BOH) to the command register (port 1F7H). 


Restore — For fixed disk drives, this command sends a series of 
2047 step pulses to the selected drive. After each pulse, the control- 
ler monitors the seek complete and track 00 signals from the drive. 
If track 00 has not been found after all 2047 steps have been exe- 
cuted, the controller sets the error bit in the status register. Upon 
completion of the command, an interrupt is generated. 


For removable cartridge drives, this command sends a burst of 2047 
pulses to the selected drive. After receiving a seek complete signal, 
the controller checks the state of the track 00 signal. Again, an 
interrupt is generated upon completion of the command. 


This command is executed by outputting the appropriate drive and 
head select code to the drive and head register (port 1F6H) and 
then outputting the bit pattern 0001 and the 4-bit step rate code 
to the command register (port 1F7H). Refer to Table 16-31 for the 
step rate code and Table 16-28 for the drive and head register code. 
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Format track — This command formats the track specified by the 
drive and head, cylinder high, and cylinder low registers. Sector 
interleave is programmable, allowing up to 17-way interleave. A sec- 
tor interleave table for 17 sectors followed by a pad of 478 bytes 
of OOH must be output to the data register for each track to be 
formatted. The controller ignores the pad and issues an interrupt 
upon completion of the command. The format track command may 
be repeated without issuing a restore command, provided the tracks 
are all located on the same disk. A restore command must be issued 
when switching disks. 


The controller allows a 17 sector per track format. It will not operate 
properly if another format is attempted. The sector layout for this 
format, described in Table 16-34, is repeated 17 times on each 
track. 


Table 16-34. Format Track Command Track Layout 
FUNCTION BYTES VALUE DESCRIPTION 
SPEED GAP 30 4EH These bytes provide the speed- 


tolerance gap. Their presence 
assures a 4.19% speed toler- 


ance. 

SYNC1 14 00H These bytes provide a synchroni- 
zation signal for the phase locked 
loop (PLL). 

IDAM 1 A1H This is the first byte of the ad- 
dress ID mark. 

IDEN 1 XXH This is the last byte of the ad- 
dress ID mark. 

CYL 1 XXH This byte contains the current cy- 
linder number. 

HEAD 1 2XH This byte contains the current 
head number. 

SECTOR 1 XXH This byte contains the logical 
sector number. 
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Table 16-34 (continued). Format Track Command 
Track Layout 


FUNCTION BYTES VALUE DESCRIPTION 


CRC 2 XXH These bytes contain the cyclical 
redundancy code for the ID field. 


SYNC 2 15 00H The first three bytes provide write 
splice. The write gate should 
open immediately after the third 
byte of this field. The remaining 
12 bytes provide PLL sync. 


DAM 1 A1H This is the first byte of the data 
address mark. 


DIN 1 F8H This is the last byte of the data 
address mark. 


DATA 512 XXH These bytes are the data storage 
area. A maximum of 256 16-bit 
words are stored high byte first. 


ECC 4 XXH These are the error correction 
code bytes. 
SYNC 3 3 00H These bytes provide the write 


turn off area. 


The sector interleave table is comprised of two bytes for each sector. 
The first byte indicates whether the sector is a good or a bad block. 
The second byte indicates the logical sector located in the particular 
physical sector. Table 16-35 gives an example of a 2 to 1 sector 
interleave table. The example indicates that all the sectors in the 
track are good blocks. Entering an 80 in place of the 00 byte indi- 
cates a bad block. A physical sector number is provided in the table 
to help you understand the sector layout on the track. Only the 


logical sector number, the sector indicator, and the pad of OOH bytes 
are entered into the data register. 
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Table 16-35. 2to 1 Sector interleave 


PHYSICAL SECTOR LOGICAL 
SECTOR NUMBER INDICATOR SECTOR NUMBER 
01H 00H 01H 

02H 00H OAH 

03H 00H 02H 

04H 00H OBH 

05H 00H 03H 

06H OOH OCH 

07H 00H 04H 

08H 00H ODH 

09H 00H 05H 

OAH 00H OEH 

OBH OOH 06H 

OCH OOH OFH 

ODH 00H 07H 

OEH 00H 10H 

OFH 00H 08H 

10H 00H 11H 

11H 00H 09H 


Seek — This command causes the selected drive to seek to the 
cylinder indicated by the cylinder high and cylinder low registers. 
The controller does not wait for a seek complete signal before issu- 
ing a task complete interrupt. The head position is not verified. 


To execute this command, output the drive and head code to the 
head and drive register (port 1F6H), output the selected cylinder 
number to the cylinder high (port 1F5H) and cylinder low (port 1F4H) 
registers, and output the bit pattern 0111 and the step rate code 
to the command register. Refer to Table 16-31 for the step rate 
code and Table 16-28 for the drive and head register code. 


Read sector — This command causes the controller to automati- 
cally seek to the head, cylinder, and sector indicated by the drive 
and head register, cylinder high and cylinder low registers, and sec- 
tor number register and read from 1 to 256 sectors as indicated 
in the sector count register. An interrupt is sent to the microprocessor 
upon completion of each sector, notifying it to read the data register. 
No interrupt is generated at the end of the command. 


Page 16-52 
Mass Storage 


The command can be executed in either data and ECC mode or 
in data only mode. If the command is executed in data and ECC 
mode, sectors of 516 bytes are transferred. In this mode, a maximum 
of five data byte errors may be corrected without terminating the 
command. If the command is executed in data only mode, sectors 
of 512 bytes are transferred. 


lf the command is executed in retry mode, up to 16 attempts will 
be made before the command is terminated. If retry mode is dis- 
abled, two attempts are made before the command is terminated. 
The command is executed at the same step rate as specified in 
the last seek or restore command. The command is only executed 
following a successful match of the sector ID with the targeted ID. 


To execute this command, output the drive and head information 
to the drive and head register (port 1F6H) using the information 
from Table 16-28, and output the logical starting cylinder number 
in hex to the cylinder high (port 1F5H) and cylinder low (port 1F4H). 
Next, output the number of sectors to be read in hex to the sector 
count register (port 1F2H), output the logical starting sector number 
in hex to the sector number register (port 1F3), and output the read 
command bit pattern to the command register (port 1F7H) using 
the information from Table 16-30. Finally, input the data from the 
data register (port 1FOH). 


Verify — This command is used to verify the integrity of a hard 
disk. It is similar to the read command but sends no data to the 
microprocessor. The controller seeks to the drive, head, cylinder, 
and sector indicated by the head and drive register, the cylinder 
high and cylinder low registers, and sector number register, reads 
the data and ECC bytes for the number of sectors specified in the 
sector count register, checks the ECC bytes, and generates an inter- 
rupt when an error is encountered or when the command is com- 
pleted. 


Write sector — This command causes the controller to automati- 
cally seek to the drive, head, cylinder, and sector indicated by the 
drive and head register, cylinder high and cylinder low registers, 
and sector number register and write the number of sectors indicated 
by the sector count register. After the first sector has been trans- 
ferred, an interrupt is sent to the microprocessor before each sub- 
sequent sector is transferred. Another interrupt is generated upon 
completion of the command. 
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The write sector command can be executed in either data and ECC 
mode or in data only mode. In data only mode, 512 bytes per sector 
are transferred. In data and ECC mode, 516 bytes per sector are 
transferred. In this mode, a maximum of five data byte errors may 
be corrected automatically without terminating the command. 


If this command is executed in retry mode, up to 16 attempts will 
be made before the command is terminated. If retry mode is dis- 
abled, two attempts are made before the command is terminated. 
The command is executed at the step rate specified in the last seek 
or restore command. The command is only executed following a 
successful match of the sector ID with the targeted ID. 


To execute this command, output the drive and head information 
to the drive and head register (port 1F6H) using the information 
from Table 16-28. Next, output the number of cylinders to be written 
to the sector count register (port 1F2H), output the logical starting 
sector number to the sector number register (port 1F3H), the starting 
cylinder number to the cylinder high (port 1F5H) and cylinder low 
(port 1F4H) registers. Finally, output the write sector command bit 
pattern to the command register (port 1F7H) using the information 
from Table 16-30 and the data to the data register (port 1FOH). 


Diagnose — This command initiates the controller's self-tests. The 
results of the tests are reported in the error register. Upon comple- 
tion of the tests, an interrupt is generated. To execute this command, 
output the bit pattern 1001 0000 (90H) to the command register 
(port 1F7H) and input the result from the error register (port 1F 1H). 


Set recovery mode on, set recovery mode off — These com- 
mands assert and deassert the recovery line to a removable car- 
tridge drive. To operate in recovery mode, the recovery mode on 
command must be issued at power-up and after each reset, since 
the controller deasserts the recovery line at power-up and on reset. 
The commands must be issued for each removable cartridge drive. 
They are used only with removable cartridge drives and result in 
an aborted command error if used with a fixed drive. 
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To execute the set recovery mode on command, refer to Table 16-28 
and output the drive select code to the drive and head register (port 
1F6H). Then output the bit pattern 1111 0001 (F1H) to the command 
register (port 1F7H). 


To execute the set recovery mode off command, refer to Table 16-28 
and output the drive select code to the drive and head register 
(1F6H). Then output the bit pattern 1111 0010 (F2H) to the com- 
mand register (port 17FH). 


| 


Chapter 17 
31 kHz Video 


This chapter provides an overview of various types of video systems. 
Basic video system technology and CRT controller concepts are 
discussed and a description of basic video modes is provided. The 
next section of the chapter gives a very brief description of specific 
video formats currently accepted. 


The section that follows the video systems overview provides specif- 
ic information about the 31 kHz video card. Each emulated video 
system is described with specific register programming information. 
The last section in this chapter provides operating system support 
for the 31 kHz video system. 


Video Systems Overview 


. This section of the manual provides basic information about some 


of the types of video systems that are currently used. The discus- 
sions address raster-scan technology, the most popular technology 
used with personal computers, the way that a typical CRT controller 
device works, and various types of video standards available today. 
These discussions are general in nature and do not reflect the spe- 
cific configuration of the computer this manual supports. Specific 
information about the video interface for this computer is provided 
in the next section. 


Raster-Scan Technology 


Each type of video interface must be capable of displaying informa- 
tion on some type of video monitor. This section describes the dis- 
play technique used with most current video interfaces. 
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Two different display types are considered raster-scan devices; LCD 
and external CRT monitors. A raster is a predetermined pattern of 
lines that are scanned to create the image on the screen. Raster- 
scan displays are most commonly used in microcomputer applica- 
tions. Although the two operate differently (the CRT produces light 
while the LCD blocks light), they both produce recognizable images 
by activating individual points called pixels (picture elements) as 
the display is scanned. 


The scanning of the display takes place in a left-to-right, top-to- 
bottom motion. When the scanning reaches the end of a line, it 
moves down one line and starts over at the left side of the screen. 
When the scanning reaches the bottom of the screen, it returns 
to the upper-left corner and the process starts over. Figure 17-1 
illustrates the timing relationships of the signal that produces the 
display you see on the screen. The relationships shown are not 
absolute, but only roughly represent the actual signals. 


The screen of a typical PC display is divided into a matrix of pixels 
200 rows deep by 640 columns wide. Each pixel forms part of the 
display. A character (letter, number, or punctuation mark) is formed 
in a matrix (character cell) producing a display of 80 characters 
wide by 25 characters deep (depending on the actual video mode). 


In the figure, which is divided into three sections, the video signal 
itself is not illustrated. The top section illustrates the timing that 
makes up one raster-scan line. During one character clock cycle, 
the video signal transmits eight pixel locations to the screen. This 
continues until the number of character clock cycles equals the 
number of characters to be displayed in one horizontal line. The 
character clock continues to cycle while the beam in the CRT is 
returned to the left side of the screen (this is called the horizontal 
retrace period). From that point the character clock continues to 
cycle until the total number of horizontal character positions has 
been reached, from which point the process starts over with the 


asi 
+ RE: 
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next row of pixels sent to the screen. The video controller contains 
registers that hold the number of horizontal characters to be dis- 
played; the time, in characters for horizontal retrace; and the total 
number of character positions in one line. 


The second section of the figure illustrates the timing needed for 
one character line. The character clock and position are illustrated 
on the first two lines of this section. The third line, the raster line, 
illustrates the time required for one raster-scan line, as illustrated 
in the first section of this figure. The raster lines continue to be 
scanned until the maximum raster address for a character, which 
is stored in a register of the video controller, is reached. This value 
is usually eight, representing the eight rows of pixels that make 
up a character frame. Since this value can be reprogrammed, it 
is possible to display characters that contain more than eight rows 
of pixels. For instance, video mode 7 supports characters that are 
nine pixels wide and 14 rows deep. 


The third section of the figure illustrates the relationship between 
one character line and the entire screen, called a frame. In this 
section, the top line illustrates the characters line, one of which is 
illustrated in the second section of this figure. After a predetermined 
number of lines have been displayed, additional blank lines are sent 
to the display to fill the screen, both at the bottom and the top. 
During this time, the scan returns to the left and top of the screen 
(vertical retrace). 


Since each pixel may be selectively activated, individual al- 
phanumeric and graphics characters or images that take part or 
all of the display’s area are produced. The video memory of the 
computer, which determines whether pixels are activated or not, 
is addressed in the same manner that scanning takes place: in a 
left-to-right, top-to-bottom pattern, whether an LCD or CRT display 
is used. 
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Figure 17-1. Display Signal Relationships 


The scanning of a typical CRT is illustrated in Figure 17-2. The 
display area is that area of the CRT where data is displayed and 
is 640 pixels wide by 200 pixels high. Electronic circuits in the moni- 
tor supply the necessary operating voltages to fire a beam of elec- 
trons at phosphors that are deposited on the inside face of the CRT. 
The beam, as it strikes the phosphors, agitates or excites them, 
producing visible light for each pixel. The color of the phosphor de- 


termines the color of the pixel. In monochrome monitors there is - 


only one type of phosphor and only one electron beam. The intensity 
of the beam determines the amount of light given off by each pixel, 
giving the monitor the ability to produce different shades of light, 
called a gray scale. 


In color monitors three beams are fired at three differently colored 
phosphors that are deposited on the inside face of the CRT, produc- 
ing red, green, and blue light. By firing one, two, or three beams 
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at the different phosphors at any one pixel location, and in varying 
intensities, the monitor can display the different colors you see on 
acolor CRT. 


In the illustration, the border area is that area outside the display 
area. Since the phosphor coating does not always extend to the 
edge of the tube, any areas not coated with phosphors are not illumi- 
nated by the electron beam. 


However, scanning the CRT actually exceeds the area coated by 
phosphors, and often exceeds the width and height of the CRT. 
This overscan area, which is shown in the illustration, allows the 
full screen of the CRT to be used for display purposes. The begin- 
ning and end of the synchronization pulses, illustrated in Figure 17-2 
as horizontal sync (in the first section) and vertical sync (in the third 
section), cannot be observed, because this takes place outside the 
overscan area. These pulses establish signal blanking, wherein the 
beam of electrons is either turned off or reduced to the point where 
it no longer excites the phosphors on the face of the CRT. 
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Figure 17-2. Scanning the Face of the CRT 
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Liquid crystal displays do not emit light. Instead, they depend upon 
two ways to produce a readable display: reflected light or light sent 
through the LCD. The majority of clocks, including watches, that 
have LCDs use room light that is reflected through the LCD to pro- 
duce a display. Even at night, when you press the buttons on your 
watch to light its display, the light is reflected through the LCD. 
Some newer LCD displays, send light directly through the LCD. By 
selectively blocking this light, whether it is reflected or transmitted, 
an image can be produced on the LCD. 


One of the materials used in liquid crystal displays is held between 
a liquid and crystalline (solid) state through a wide temperature 
range (32 — 140° F or 0 — 60° C). When the material is electrically 
charged, the electrons in the material align themselves so light can 
pass through the material. When they are not aligned, or polarized, 
the material is opaque and light cannot pass through it. By allowing 
light to pass through the material while in a transparent state 
(charged), the opaque (not charged) areas become visible to the 
viewer. High contrast and a wide viewing angle is obtained by using 
high polarization angles and a very fine grid. An optional backlight 
makes it possible to use the display under all lighting conditions. 


In most LCD monitors, the liquid crystal material is encased between 
two transparent plates. A conductive coating is etched on the inside 
of one of the plates in the form of a matrix 640 columns wide by 
200 rows deep. This matrix is driven by row and column drivers 
that can be turned on to charge the liquid crystal material and make 
it transparent, lighting a pixel, or turned off, leaving the pixel opaque. 
The drivers are controlled by the video controller that addresses 
(scans) the drivers by column and row, starting at the uppermost 
and leftmost point on the screen, moving to the right until the end 
of the row is reached, returning to the beginning of the next row, 
and so on, until the entire screen has been “scanned.” The alignment 
of the material for individual pixels can be precisely controlled allow- 
ing the pixel to be partially turned on, producing a gray scale display. 
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CRT Controller Concepts 


The video controller is the interface between the computer system 
and the video monitor. It receives information from the computer 
system, processes it into a form that can be displayed on the video 
monitor, and then sends the information, along with the proper oper- 
ation (sync) signals, to the monitor. 


The video controller is the key active element that determines the 
video performance of a workstation. No matter what the video dis- 
play’s potential, without the proper signals from the controller, the 
display will not perform to its potential. In comparison to a compo- 
nent stereo system, the display is analogous to the speakers, while 
the controller is analogous to the amplifier’s output circuits. 


In order to accomplish their jobs, video controllers must be able 
to process enormous amounts of information in a timely manner. 
Consider that even a low-resolution system, such as a microcompu- 
ter-based workstation with a resolution of 640 x 225 has 144,000 
separate pixels. It is the video controller's job to monitor and report 
to the video display the location and status of each pixel. It must 
do this 60 times a second. 


Consider a workstation with a high-resolution display such as a 
1,024 x 1,024 display. The controller in this system must furnish 
information about over 1,000,000 pixels during each raster scan. 
The video controller ensures that the information about each of these 
pixels is accurate and in the proper sequence. 


The flow of information through a video controller is straight forward. 
Binary information from the central processor is stored in the video 
memory. These memories communicate with the shift registers 
which quickly move the information to the encoder. The encoder 
processes video information from the memories and sync signals 
from the controller IC. The encoder then sends the signals on to 
the video display. 
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Controller IC 


In many early computer systems, the video display was controlled 
by the central processing unit itself. However, as screen resolution 
increased, controlling the video display took so much central proces- 
sor time that the entire system slowed dramatically. The solution 
was to add intelligence to the video controller. 


Added intelligence most often takes the form of a special micropro- 
cessor called a video controller (or CRT controller) chip. These 
microprocessors are specialized devices that have been optimized 
to control video information. 


Adding intelligence to the video controller accomplishes two things: 
one, it optimizes flow of video information to the video display, and 
two, it frees the central processing unit to do more work. This en- 
ables both types of processors to work at the same time. 


But the controller IC does not work alone. It must work with the 
other components in the system. One component that both the cen- 
tral processor and the video controller IC use is the video memory. 


Video Memory 


Video memory stores binary information that consists of two logic 
states, 0 and 1. Each memory location corresponds to a particular 
screen pixel which can be either on or off. The entire video memory 
area is sometimes called a bit map, or a video plane. 


A monochrome monitor only turns pixels on or off; hence, it only 
requires a single video plane. Because a color monitor needs more 
information, such as the color of the pixel, as well as its on/off status, 
color controller conventionally use several planes of video memory. 


Some video controllers are designed so that more video planes can 
be added later. Increasing the number of video planes allows the 
system to display more colors. For example, the addition of another 
memory plane to control the intensity of the electron beam to the 
color controller enables a system to display 16 different colors. 
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The screen memory is normally constructed from dynamic RAM inte- 
grated circuits. Dynamic means that these chips must be periodically 
refreshed to prevent them from losing data. But while the memory 
is being refreshed, it cannot be accessed for screen display. 


If the memory needs to be refreshed at the same time that it needs 
to supply the video display with information, a conflict will occur. 
To prevent this kind of conflict, video controllers use shift registers 
to supply information to the video display. 


Shift Registers and the Video Encoder 


Shift registers make sure that video information is available in the 
proper form when it is needed on the screen. These are specialized 
devices that accept binary information (in parallel) from the video 
memory and send a serial data stream to the video encoder.. 


Before the video information can be used by the video display, it 
must be combined with the sync signals that the display requires 
for proper operation. The video encoder accepts information from 
the shift registers and the controller IC, combines them in the proper 
sequence and sends the signals to the video display. 


Hardware Features 


There are several hardware features that are dependent upon the 
video controller hardware. As an example, some controller have 
built in circuits that can automatically execute commands. Some 
computer-aided design packages take advantage of these special 
features to dramatically reduce the time required to execute certain 
functions. : 


The amount and speed of the video memory limits the video 
capabilities of most systems. In order to maximize flexibility, some 
systems are designed to be expandable. These systems allow you 
to increase the video performance of the system as your needs 
require. 
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An alternate video controller architecture uses a color encoder rather 
than separate video planes. In operation, the video memory does 
not directly control the electron beam but holds various color codes 
which are fed to a color encoder, which in turn drives the electron 
beam. 


Some systems can use video memory in ways other than those 
previously described. For example, rather than dividing the memory 
into video planes, it can be divided into video pages. 


When the memory is divided into video pages, one page can be 
used to control the display while the other page is updated. Then 
the pages can be flashed one after another on the video display 
to effect kinematic simulations or even animation. 


Other controllers use multiple video controller chips in parallel. In 
this situation, each video plane is assigned its own controller chip. 
With the proper supporting components, this can increase the perfor- 
mance of a system dramatically. 


Basic Video Modes 


Video memory consists of separately addressable, but parallel, 64K 
memory planes. Depending upon the video mode selected, this 
memory may be combined in different ways. The following discus- 
sion describes the basic modes of operation and how they work 
with the video memory. 


Text (Alphanumeric) Modes — A two-byte character/attribute for- 
mat is used to define each character display position on the screen. 
These two bytes are mapped into assigned locations in video mem- 
ory with the character byte in memory plane 0, and the attribute 
byte in memory plane 1. 
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Normally, bit 3 of the attribute byte is used by display cards to deter- 
mine the intensity characteristic of the displayed character. How- 
ever, some expanded video cards allow bit 3 to be redefined by 
the character map select register. The bit is then used as a switch 
to move between character sets. This gives the programmer access 
to both character sets, for a total of 512 characters, instead of just 
one character set. To accommodate the additional 256 characters, 
the patterns of both character generators are transferred into mem- 
ory plane 2 of the video memory. In addition, with 256K of video 
memory on this card, it is possible to support two additional user- 
defined 256-member character sets for a total of 1024 different char- 
acters. The patterns of these additional character sets must also 
be loaded into memory plane 2 of the video memory. 


To display a screen of data, the CRT controller generates a series 
of sequential addresses, which represents the sequential locations 
of characters on the screen. These addresses correspond to video 
memory addresses where memory planes 0 and 1 are accessed. 
The byte in memory plane 0, combined with the scan row count, 
determines the address of the bit pattern stored in memory plane 
2. If bit 3 of the attribute byte has been selected to as a switch 
between character sets, the video memory address is modified ac- 
cordingly. The bit pattern found in memory plane 2 is then assigned 
the attributes found in the attribute byte and sent as a serial stream 
of data out the appropriate pins of the video connector. 


Monochrome and color attribute data is formatted differently. Table 
17-1 describes the attribute byte characteristics for monochrome 
modes. 
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Table 17-1. Monochrome Attribute Byte Characteristics 


BIT 
7 6 5 4 3 2 1 + O - ATTRIBUTE DESCRIPTION 
B 0 0 0 1 14 #1 + 4 + Normal video 
B11 1 +! 0 0 O Reverse video 
B 0 0 0 1! 0 0 0 Nodisplay (black output) 
B 1 4 14 +I 1 14 + 1° Nodisplay (white output) 


NOTE: Bit 7 defines whether the character blinks on and off. If bit 7 is 
a 1, the character will blink. If bit 7 is 0, the character will not blink. Bit 
3 defines either the intensity characteristic or the character set. Character 
set definition is determined by the character map select register. If bit 3 
controls the intensity attribute, then a 1 will cause the character to be dis- 
played at high intensity: a 0 will cause the character to be displayed at 
normal intensity. 


Table 17-2 describes the attribute byte characteristics for color 
modes. The bit pattern for the foreground color and background 
color are identical. The foreground color attribute occupies bits 4-6. 


Table 17-2. Color Attribute Byte Characteristics 


BACKGROUND FOREGROUND 
BIT BIT 
6 5 4 2 1 0 NORMALCOLOR _ INTENSIFIED COLOR 


0 0 0 0 0 0 Black Dark Gray 

0 0 1 0 0 1 Blue Light Blue 

0 1 (0) 0 1 0 Green Light Green 

0 1 1 0 1 1 Cyan Light Cyan 

1 0 0 1 0 0 Red Light Red (Pink) 
1 0 1 1 0 1 Magenta Light Magenta 

1 1 0 1 1. 0 Brown Yellow 

1 1 1 1 1 1 White Intensified White 


NOTE: Bit 7 defines whether the character blinks on and off. If bit 7 is 
a 1, the character will blink. If bit 7 is a 0, the character will not blink. 
Bit 3 defines either the intensity characteristic or the character set. Character 
set definition is determined by the character map select register. If bit 3 
controls the intensity attribute, then a 1 will cause the character to be dis- 
played at high intensity; a 0 will cause the character to be displayed at 
normal intensity. 
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Graphics Modes — With the exception of video mode F (high- 
resolution monochrome) and video mode 10 (enhanced color 
graphics), basic video mode addressing, mapping, and data format- 
ting are the same as those used with Z-100 PC color video cards 
and PC-equivalent color/graphics adapters. 


In the Z-100 PC color video graphics modes, two degrees of resolu- 
tion are available: 320 x 200 and 640 x 200. 640 x 200 is obtain- 
able only as a monochrome, or two-color, display (one of 16 border 
colors may be used for the displayed pixels). In the 320 x 200. 
resolution modes, each displayed pixel may be one of four colors 
selected form two palettes and the border color. 


In the medium resolution color mode pixel information for the 320 
x 200 display is stored in two memory planes of 8000 bytes each, 
starting at address B8000H. The even-numbered (0, 2, 4, ... 198) 
scan row information is stored from B8000H to B9F3FH. The odd- 
numbered (1,3,5, ... 199) scan row information is stored from 
BAOQOOH to BBF3FH. 


Each byte of video memory contains four two-bit pairs, which define 
the color displayed for the pixel. Note that there is no off or unlit 
pixel capabilities: therefore, if you want to be able to unlight any 
given pixel, you will have to sacrifice one of the possible colors 
(the background color) to black. 


Table 17-3 defines the color selected for the defined pixel. Since 
only one palette can be active, Table 17-4 defines the colors in 
the two possible palettes for these video modes. 


Table 17-3. Color Selection 


MSB- LSB COLOR DEFINITION 


0 The pixel will display the current background color. 
1 The pixel will display color 1 of the current palette. 
0 The pixel will display color 2 of the current palette. 
1 The pixel will display color 3 of the current palette. 


=-300o 
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Table 17-4. Palette Colors 


COLOR NUMBER PALETTE 1 PALETTE 2 
1 Cyan Green 

2 Magenta Red 

3 White Brown 


The 16 border colors available are the same that can be used to 
display text characters: Black, Blue Green, Cyan, Red, Magenta, 
Brown, White, Dark Gray, Light Blue, Light Green, Light Cyan, Light 
Red(Pink), Light Magenta, Yellow, and Intensified White. 


In the high resolution color mode the entire memory complement 
in a Z-100 PC color video card (16K) is needed to define the on 
or off state of a full screen of pixels. Each pixel location on the 
640 x 200 screen is represented by a location in video memory, 
starting at B8000H. Because each location can be set only a 1 
or a O, each pixel may be the border color or not lit. The 16 border 
colors are: Black, Blue, Green, Cyan, Red, Magenta, Brown, White, 
Dark Gray, Light Blue, Light Green, Light Cyan, Light Red (Pink), 
Light Magenta, Yellow, and Intensified White. 


The high-resolution 640 x 350 mode (mode F) supports mono- 
chrome black and lit-pixel graphics with the following attributes: 
black, video, blinking video, and intensified video. Two memory 
planes, required to support the four attributes, are both addressed 
at AOOOOH by the CPU. The first memory plane is identified as the 
video memory plane and the second memory plane is identified 
as the intensity memory plane. Actually, a combination of pixel pairs 
between the two memory planes is required to define the attributes 
as shown in Table 17-5. 


Table 17-5. Mode F Attributes 


ATTRIBUTE VIDEO MEMORY PLANE INTENSITY MEMORY PLANE 
Black(not lit) 0 0 
Video(lit) ) 1 
Blinking video a 0 
Intensified video 1 1 


pe ae 
oy ew 
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NOTE: Some IBM-equivalent Enhanced Graphics Adapters are 
supplied with only 64K of video memory. When this is the case, 
memory planes 0 and 1 and memory planes 2 and 3 are mapped 
together to form the two 32K memory planes needed to support 
this mode. Although the four memory planes all reside at an AOOOOH 
starting address, memory planes 0 and 2 are addressed as even 
memory planes and memory planes 1 and 3 are addressed as odd 
memory planes. When data is brought out of video memory for dis- 
play, the first byte comes out of the even memory planes, the second 
out of the odd memory planes, the third out of the even, and so 
on. 


Other EGA cards have 256K or memory, so the memory planes 
are not mapped together as described in the note. The first (memory 
plan 0) and third (memory plane 2) are used for mode F. The second 
(memory plane 1) and fourth (memory plane 3) are ignored. 


Two bits, one from each plane, define each pixel on the screen. 
Since memory organization is sequential in nature, the first eight 
pixels are contained in the first byte, starting at video memory ad- 
dress AOOOOH and with the most significant bit. The second byte 
is located at video memory address AO001H and so on. 


Mode 10 supports graphics in 16 colors, selected from 64 pos- 
sibilities. All four available memory planes in video memory are 
used. Each memory plane normally represents a color or intensity, 
as shown in Table 17-6. The base colors than can be produced 
without programming additional registers are described in Table 17- 
7. The other possible shades are obtained by programming the 
palette registers in the attribute controller. 


Table 17-6. Mode 10 Memory Plane Assignments 


MEMORY PLANE COLOR OR FUNCTION 


0 Blue 

1 Green 

2 Red 

3 Intensified 
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Table 17-7. Mode 10 Base Colors 


BP3 BP2 BP1 BPO RESULTING COLOR 


0 0 0 0 Black 

0 0 0 1 Blue 

0 0 1 0 Green 

0 0 1 1 Cyan 

0 1 0 0 Red 

0 1 0 1 Magenta 

0 1 1 0 Brown 

0 1 1 1 White 

1 0 0 (¢) Dark Gray 

1 0 0 1 Light Blue 

1 0 1 e) Light Green 

1 0 1 1 Light Cyan 

1 1 0 0 Light Red 

1 1 0 1 Light Magenta 
1 1 1 0 Yellow 

1 1 1 1 Intensified White 


There are 16 palette registers that correspond to the 16 possible 
base colors. The registers allow the user to remap the color rep- 
resented by the bit patterns shown in the preceding table to any 
one of 64 possible colors that can result from combining the six 
bits in each register. Refer to Table 17-8 for the bit-to-color relation- 
ship. Setting a bit to 1 activates that color. Setting the bit to 0 deacti- 
vates that color. 


Table 17-8. Palette Register Color Attributes 


BIT COLOR 
ee 
0 Blue 

1 Green 

2 Red 

3 Secondary blue 

4 Secondary green 

5 Secondary red 
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Video Systems 


There are many video systems that provide varying degrees of resol- 
ution and graphics capabilities. The following sections give a very 
brief description of the most common systems available today. 
These systems are considered to represent video standards. Other 
video interfaces capable of even greater resolutions are produced 
but this manual does not address them. 


MDA System 


Many different video interface systems are currently available for 
most computer designs. Historically, the development of the video 
interface began with IBM’s MDA (monochrome display adapter). The 
MDA interface supports 4K of video memory and is only capable 
of displaying alphanumeric characters and some special characters. 
The MDA interface is not capable of generating graphic displays. 


The advantage of the MDA interface is its high quality of character 
resolution. A 9-pixel by 14-pixel character cell contains the character 
that is displayed. The actual character is composed of a 9-pixel 
by 7-pixel format. The remaining pixels in the character cell can 
provide video attributes such as blinking, underlining, and reverse- 
video imagery. The MDA interface is generally used with a high- 
resolution monochrome video monitor. 


HGC System 


Shortly after the MDA video interface became popular, Hercules 
Computer Technology introduced an enhanced monochrome dis- 
play capable of generating graphics. The Hercules Graphics Card 
(HGC) contains 64K of video memory and provides 720-pixel by 
348-pixel graphic resolution. The card maintains the character resol- 
ution and display size of the MDA standard but also supports 132- 
column by 25-row alphanumeric and 132-column by 44-row al- 
phanumeric modes of operation. 
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The HGC is widely used because of its extremely sharp resolution 
and monochrome graphics capability. In addition, various software 
development vendors are specifically supporting the HGC in their 
applications packages. Lotus 1-2-3 is a popular program that is de- 
signed to support the HGC. As a result, the HGC is fast becoming 
a standard in the video interface market. 


CGA System 


As technology improved and demand for graphics-intensive applica- 
tions grew, the CGA (color graphics adapter) video interface was 
developed. This video interface is supplied with 16K of video mem- 
ory and supports various text and graphics modes of operation. An 
8-pixel by 8-pixel character cell contains the character that is dis- 
played. The actual character is composed of a 7-pixel by 7-pixel 
format. CGA resolution is not as high as MDA resolution but the 
CGA interface is capable of generating medium-resolution graphics 
and up to four different colors from a palette of 16 possible colors. 


EGA System 


As the video interface became a more important aspect of a com- 
puter system, higher resolution and more capabilities were required. 
Specific applications such as CAD (computer-aided design), and 
desktop publishing brought forth the development of the EGA (en- 
hanced graphics adapter) card. Supplied with 256K of video mem- 
ory, the EGA card supports 12 distinct video modes. It is capable 
of high-resolution graphics (640-pixels by 350-pixels) and can dis- 
play 16 colors out of a palette of 64 possible colors. 


Some EGA cards support the monochrome modes provided by the 
MDA interface (with the same degree of resolution) and the color- 
graphics modes provided by the CGA interface. For the most part, 
the EGA card maintains CGA compatibility with programs that ac- 
cess the display through the system BIOS (basic input/output sys- 
tem). However, some programs that attempt to access the CGA 
video controller (6845) directly may not be compatible with the EGA 
card. The EGA card does not use a 6845 CRT controller. Most 
are designed with a custom chip set that emulates the 6845. 


| 23] 
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VGA System 


The VGA (video graphics array) video interface operates very much 
like the EGA standard. However, some additional features have 
been added. For example, the VGA interface is capable of 640-pixel 
by 480-pixel resolution but displays square pixels on the screen. 
Standard EGA designs display rectangular pixels which can in- 
troduce distortion in some graphics applications. For example, if 
you display a circle with an EGA video interface (rectangular pixels), 
the aspect ratio of the circle can appear to be distorted and an 
oval might be displayed. 


If the VGA video interface is run in its typical high-resolution 640- 
pixel by 350-pixel mode, it displays rectangular pixels like an EGA 
card. Square pixels are only available in the enhanced EGA mode 
(640-pixels by 480-pixels) of the VGA interface. 


PGC System 


At the high end of the spectrum is the PGC (professional graphics 
card) video interface. This interface is designed specifically for appli- 
cations such as CAD. The card is supplied with 320K of video mem- 
ory and supports 640-pixel by 480-pixel resolution. The PGC inter- 
face is capable of displaying 256 colors from a palette of 16 million 
possible colors. However, the PGC video interface is not fully com- 
patible with previous designs. 


31 kHz Video Card 


The 31 kHz video card supports software designed for the MDA 
video interface, the HGC video interface, the CGA video interface, 
and the EGA video interface. The card’s enhanced chip set emulates 
these four video formats while operating at a constant scan fre- 
quency of 31.49 kHz. It also supports an enhanced EGA mode that 
generates a 640 x 480-pixel resolution. Automatic switching circuits 
detect the type of video format required by software and place the 
card in the appropriate operating mode. 
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The following sections describe the 31 kHz video interface, the video 
modes that it emulates, and the enhanced mode that it supports. 
The discussion is segregated into three parts; 6845 CRT controller 
emulation, specific video mode emulation, and operating system 
support. 


6845 CRT Controller Emulation 


This section provides a bit-level analysis of the registers responsible 
for emulating the functions of the popular 6845 CRT controller IC. 
There are three video modes that are specifically handled by the 
emulated 6845 register set; MDA, HGC, and CGA. 


An overall description of the emulated register set is given, with 
individual differences between video modes (MDA, HGC, and CGA) 
addressed in the following three sections. Note that the emulated 
6845 register set (or some individual registers) are described with 
respect to the 6845 controller. Remember that the 31 kHz video 
card does not use a 6845 CRT controller IC but relies on other 
Circuits to emulate 6845 functions. 


The 6845 is a CRT controller that provides the signals necessary 
to produce a composite monochrome and RGBI video signals for 
use with raster-scan CRT video monitors. 


Full compatibility with the IBM color graphics adapter (CGA) is main- 
tained by the 6845 and its support circuits. Software written to CGA 
specifications will execute through the 6845 without need for modifi- 
cation. 


The control section handles decoding of the control signals and com- 
munication between the internal register set and the data bus. The 
6845 support circuits process the video memory data with informa- 
tion from the internal registers to produce video signals. The sync 
generator uses register information to produce the separate sync 
signals and combine them for the monochrome video signal. 


Page 17-21 
31 kHz Video 


a $$ 


The port addresses used by the 6845 video controller are identified 
in Table 17-9. 


Table 17-9. 6845 Input/Output Port Addresses 


ADDRESS DESCRIPTION 
a 
3D0H 6845 pointer address port 
3D1H 6845 data port 

3D2H 6845 pointer address port 
3D3H © 6845 data port 

3D4H 6845 pointer address port 
3D5H 6845 data port 

3D6H 6845 pointer address port 
3D7H 6845 data port 

3D8H Video mode select port 

3D9H Color select port 

3DAH Status port 

3DBH Light pen clear port (not used) 
3DCH Light pen preset port 


a SS 


The 6845 ports are duplicated through “don’t care” bits. Ports 3D0H, 
3D2H, 3D4H, and 3D6H are all the same 6845 pointer address 
port. Likewise, 3D1H, 3D3H, 3D5H, and 3D7H are all the same 
6845 data port. 


Pointer Address Register 


This write-only, 5-bit register serves as a pointer to the 18 6845 
data registers. To address one of the 6845 data registers, you must 
first write the register number (0OH-11H) into this register by execut- 
ing an OUT instruction to one of the four 6845 pointer address ports 
(3DOH, 3D2H, 3D4H, or 3D6H). Then either read from (by executing 
an IN instruction) or write to (by executing an OUT instruction) to 
one of the four 6845 data ports (3D1H, 3D3H, 3D5H, or 3D7H). 
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Data Registers 


The data port serves as the read/write port to the 6845 registers. 
These registers are described in Table 17.10. The initialization value 
for each register is described in Chapter 11. 


Table 17-10. 6845 Data Registers 
ee 


REGISTER NUMBER DESCRIPTION 
ee 
RO OOH Horizontal total register 

R1 01H Horizontal displayed register 

R2 02H Horizontal sync position register 

R3 03H Sync width register 

R4 04H Vertical total register 

R5 05H Vertical total adjust register 

R6 06H Vertical displayed register 

R7 07H Vertical sync position register 

R8 08H Interlace/skew register 

R9 09H Maximum scan line register 

R10 OAH Cursor start line register 

R11 OBH Cursor end line register 

R12 OCH High-order byte start address register 
R13 ODH Low-order byte start address register 
R14 OEH High-order byte cursor address register 
R15 OFH Low-order byte cursor address register 
R16 10H High-order byte light-pen register or 


mouse X counter register (neither is used 
in the computer) 


R17 11H Low-order byte light-pen register or 
mouse Y counter register (neither is used 
in this computer) 


eA SSSSeSSSSeSESSFSFSFSFSFMMMmmsMssFsFFMFMMMMMSSSSMSSsSeees 


Horizontal Total Register (RO) — This 8 bit, write-only register 
is used to set the time between the starting points of character rows. 
This time, defined in character clock periods, includes the total time 
for all characters in a row, the delay before the horizontal sync pulse, 
the width of the sync pulse, and retrace time. Since the first character 
is 0 (zero), this value will be the number of character clock signals 
desired minus 1. A value of 112 would represent 113 character 
positions. 
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Horizontal Displayed Register (R1) — This 8-bit, write-only regis- 
ter is used to select the number of characters in each row that 
will be displayed on the screen. In normal operation, the register 
will contain a lower value than the horizontal total register (RO). 


Horizontal Sync Position Register (R2) — This 8-bit, write-only 
register is used to determine the position of the sync pulse in each 
scan line. Any value greater than the horizontal displayed register 
(R1) and less than the horizontal total register (RO) can be used. 
When the value of R2 is increased, the display will shift to the left; 
decreasing this value shifts the display to the right. 


Sync Width Register (R3) — This 8-bit, write-only register is used 
to set the width of the horizontal and vertical sync pulses. The width 
of the horizontal sync is controlled by the lower four bits of the 
pulse width register and the width of the vertical sync is controlled 
by the upper four bits of the pulse width register. Increasing the 
value lengthens the width. 


NOTE: The sum of the values in register R1 and R3 must be equal 
to or less than the value in register RO. 


Vertical Total Register (R4) — This 7-bit, write-only register is used 
to determine the refresh rate of the video monitor and vertical retrace 
timing. Its value is expressed in character rows; each is normally 
eight scan lines. The values for the various video modes are pro- 
vided in Chapter 11. 


Vertical Total Adjust Register (R5) — This 5-bit, write-only register 
is used to lengthen the vertical total time to account for the scan 
lines remaining when the value for register R4 is determined. This 
value is also expressed in scan lines and is provided in Chapter 
11. 


Vertical Displayed Register (R6) — This 7-bit, write-only register 
is used to determine the number of character rows that will be dis- 
played. This value must be equal to or less than the vertical total 
register (R4). 
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Vertical Sync Position Register (R7) — This 7-bit, write-only regis- 
ter is used to control the position of the vertical sync. The value 
is expressed in character rows and must be equal: to or less than 
the value in the vertical total register (R4). A lower value will move 
the display down; a higher value will move the display up. 


Interlace/Skew Register (R8) — This 8-bit, write-only register is 
used to determine interlace operation (on or off) and the skew (offset 
or delay) or the characters and cursor. CGA operation lacks suffi- 
cient memory to operate the computer in an interlaced mode, and 
none of the PC-compatible modes use an interlaced mode. There- 
fore, always operate this video in an non-interlaced mode. Table 
17-11 defines the functions of bits 0 and 1; Table 17-12 defines 
the functions of bits 4 and 5; and Table 17-13 defines the functions 
of bits 6 and 7; bits 2 and 3 are not used. 


Table 17-11. 6845 Register R8, Bits 0 and 1 
a 
BITO BIT 1 FUNCTION 
a ee, 
0) Normal non-interlaced operation 

1 Normal non-interlaced operation 

0 Interlaced sync mode operation 
1 


Interlaced sync and video mode operation 
ea a ae 


0 
0 
1 
1 


Table 17-12. 6845 Register R8, Bits 4and5 
Se 


BIT 4 BITS FUNCTION 


0 0 Normal display; no character skew. 

0 0 Skewed display; characters are offset one charac- 
ter position. 

1 0 Skewed display; characters are offset two character 
positions. 

1 1 Illegal; do not use. 


EEE 
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Table 17-13. 6845 Register R8, Bits 6 and 7 
BIT6 BIT7 FUNCTION 
0 0 Normal display; no cursor skew. 
0 1 Skewed cursor; the cursor is offset one character 
position. 
1 0 Skewed cursor; the cursor is offset two character 
positions. 
1 1 Illegal; do not use. 


Maximum Scan Line Register (R9) — This 5-bit, write-only register 
is used to control the number of scan lines in each character row. 
The first scan line is 0 so this value will be 1 less than the number 
of scan lines. Normally, eight scan lines are used for a character 
row; therefore, the value will be 7. 


Cursor Start Line Register (R10) — This 7-bit, write-only register 
is used to define the first scan line of the cursor within the character 
field and whether the cursor is on or off. 


The lower five bits define the first scan line. The scan lines are 
numbered from the top, starting with zero, to the bottom, ending 
with seven in the modes supported by this computer. Normally, the 
value in this register is 6. 


Bit 5 must be clear (0) for the cursor to be on (blinking). Bit 6 may 
be set (1) or clear (0). The 6845 defines bits 5 and 6 to control 
the blinking (steady, 2 Hz, or 4 Hz). 


Cursor End Line Register (R11) — This 5-bit, right-only register 
is used to define the last scan line of the cursor within the character 
field. Normally, this value is 7. 


Start Address Registers (R12 and R13) — These two read/write 
registers contain the first displayable address in video memory and 
are used for scrolling the display. Register R12 contains the 6 bit, 
high-order (most significant byte) address, and register R13 contains 
the 8-bit, low-order (least significant byte) address. 
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Cursor Address Registers (R14 and R15) — These two read/write 
registers contain the address of the cursor in video memory. This 
allows the original cursor location to be retained even though the 
hardware may scroll or page the display. Register R14 contains 
the 6-bit, high-order (most significant byte) address and register R15 
contains the 8-bit, low order (least significant byte) address. 


Light Pen or Mouse Registers (R16 and R17) — These two read- 
only registers contain the video address captured from a light pen 
or the X and Y coordinates of a mouse. The mouse coordinates 
are relative to the last time the mouse coordinates were cleared. 
Neither of these applications are supported in this computer. 


Video Mode Select Register 
The video mode select port is actually a single 8-bit, read/write regis- 
ter. Its port address is 3D8H. Full CGA compatibility is maintained 


in this register. The bits of this register are somewhat interactive 
and are defined in Table 17-14 and Table 17-15. 


Table 17-14. Video Mode Select Port Register 


BIT DESCRIPTION 


0 Alphanumeric width: clear (0) = 40 x 25, set (1) = 80 x 
25. Bit 1 must be clear (0). Bit 5 determines color/blink mode. 


1 Alphanumeric/graphics mode: clear (0) = alphanumeric, set (1) 
= graphics. The width of the alphanumeric mode is determined 
by bit 0. The resolution of the graphics mode is determined 


by bits 4 and 6. 

2 Color/monochrome composite mode: clear (0) = color, set (1) 
= monochrome composite. 

3 Video enable/disable: clear (0) = disable video, set (1) = en- 


able video. Video should be disabled (turned off) during mode 
changes to prevent an unprofessional display that results from 
synchronization changes that occur as modes are changed. 


4 640 x 200 resolution color or monochrome/320 x 200 resolu- 
tion. Refer to Table 17-15. 
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Table 17-14 (continued). Video Mode Select Port Register 
BIT DESCRIPTION 


5 Alphanumeric color/blink mode: clear (0) = 16-color back- 
ground enable, set (1) = blinking attribute enabled. 


6 Color/Monochrome or 160 x 200/640 x 200 resolution. Refer 
to Table 17-15. This bit can be locked by software to prevent 
accidental modification by CGA software. 


7 Active/standby: clear (0) = active, set (1) = standby (no out- 
put). This bit can be locked by software to prevent accidental 
modification by CGA software. 


Table 17-15. Video Mode Select Resolution 


BIT4 BIT6 DESCRIPTION 

0 0 320 x 200 resolution 

0 1 160 x 200 resolution 

1 0 640 x 200 monochrome only resolution 
1 1 640 x 200 16-color only resolution 


Color Select Register 


The color select port is a 6-bit, write-only register that establishes 
certain colors used by the various modes. Its port address is 3D9H. 
Because the colors selected can be modified by the 6845, the colors 
are represented by R, G, B, and | in Table 17-16 which describes 
the function of each bit of this register. Table 17-17 defines the 
two color palettes that can be used by the 320 x 200 graphics 
mode. 
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Table 17-16. Color Select Port Register 


_— oS SSS 


BIT DESCRIPTION 
a ee ee 
0 B color, default is blue. Affects border and background color 


in 320 x 200 graphics mode, foreground color in 640 x 200 
graphics mode, and border color in text modes. Bits 0, 1, 2, 
and 3 are combined to produce one of 16 programmable colors. 


1 G color, default is green. Affects border and background color 
in 320 x 200 graphics mode, foreground color in 640 x 200 
graphics mode, and border color in text modes. Bits 0, 1, 2, 
and 3 are combined to produce one of 16 programmable colors. 


2 R color, default is red. Affects border and background color 
in 320 x 200 graphics mode, foreground color in 640 x 200 
graphics mode, and border color in text modes. Bits 0, 1, 2, 
and 3 are combined to produce one of 16 programmable colors. 


3 | signal, intensifies the color levels produced by the R, G, and 
B colors. Affects border and background colors in 320 x 200 
graphics mode, foreground color in 640 x 200 graphics mode, 
and border color in text modes. Bits 0, 1, 2, and 3 are combined 
to produce one of 16 programmable colors. 


4 When set (1), intensifies the foreground colors in the 320 x 
200 graphics mode. Does not affect the text or 640 x 200 
graphics modes. 


5 320 x 200 graphics mode color palette selection: set (1) = 
palette 1, clear (0) = palette 2. Refer to Table 17-17 for palette 
definition. Does not affect the other modes. 


Table 17-17. Palette Definitions 


— eS 


COLOR PALETTE 1 PALETTE 2 

0 See note 1 See note 1 

1 G + B(cyan) G (green) 

2 R + B (magenta) R (red) 

3 R + G + B (white) R + G (brown) 


* ri 
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Table 17-17 (continued). Palette Definitions 


COLOR 


NOTES: 


PALETTE 1 PALETTE 2 


1. If color 0 is called for, the color defined by bits 0-3 of the 
color select port register will be the color used. 


2. The colors shown in parenthesis are the default colors pro- 
duced by the 6845 for CGA operation. The 16 color palette regis- 
ters can be modified to produce other colors, which will modify 
the colors in these palettes. 


Status Register 


The status port is actually a 5-bit, read-only register that reports 
the status of various features of the controller. Its address is at 
3DAH. Table 17-18 describes what each bit means. 


Table 17-18. Status Port Register Report 


BIT 


DESCRIPTION 


0 


Active display: set (1) = active display, clear (0) = vertical 
retrace (sync) period. 


Not used or connected in this computer. In other hardware appli- 
cations this bit can report that the light pen switch has been 
activated or that mouse switch 1 is closed. 


Not used or connected in this computer. In other hardware 
applications, this bit can report the current status the light pen 
switch or that mouse switch 0 is closed. 


Set (1) during the active vertical retrace period. Clear (0) during 
all other times. If the monochrome video mode is selected, 
which is not implemented in this computer, this bit will reflect 
the video dot stream, the same as bit 4. 


The status port register bit 4 is designed to test the video mode 
select port, color select port, and all write-only registers. 
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Light Pen Register 


The two light pen ports, addressed at 3DBH and 3DCH, are not 
implemented in this computer. The ports are actually write-only reg- 
isters that are used to verify that the light pen trigger flip-flop and 
status read functions are operating correctly. Since light-pens are 
not supported by this computer, there is no light pen flip-flop and 
hence, these ports are meaningless. 


MDA Interface 


The following sections describe the programmable MDA characteris- 
tics emulated by the 31 KHz video card. They discuss specific regis- 
ters required to produce the MDA format. A complete discussion 
of the 6845 CRTC registers is provided at the beginning of this 
section. 


Control Register 


The control register provides a number of functions. This register 
enables the CPU to communicate with the display RAM and attribute 
RAM, enables video data to be sent to the monitor, selects the 
font which is used, enables the blink attribute, and allows paging 
of the display. To control all of these functions, a single 8-bit byte 
is written into the control register. The control register is located 
at I/O port 3B8H. The function of each bit is shown in Table 17-19. 


Table 17-19. MDA Control Register Functions 


BIT BIT 
NUMBER VALUE FUNCTION 
0 0 Prevents communication between the CPU 
and the display or attribute RAM. Data stored 
in RAM is displayed (if VIDEN is enabled) but 
cannot be changed. 
1 Enables communication between the CPU 


and the RAM. Data stored in RAM is dis- 
played (if VIDEN is enabled). The RAM can 
be written to or read by the CPU. 
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Table 17-19 (continued). MDA Control Register Functions 


BIT BIT 

NUMBER VALUE FUNCTION 

1 X Not used. 

2 X Not used. 

3 0 Disables the display. The data stored in the 
display or attribute RAM is not changed but 
is not displayed. The RAM can be addressed 
by the CPU when the display is in this state 
(if the board is enabled). 

1 The display is enabled. Data stored in the dis- 
play and attribute RAM is displayed. 

4 0 This allows the first page of memory to be 
displayed. 

1 Pages the display to the second page of the 
display. 

5 0 This allows the blink attribute bit in the attri- 
bute RAM to control the background intensity 
of the display. 

1 This allows the blink attribute bit to control 
the blinking of the character. 

6/7 xX These bits contro! the font in use FONT 1 


by the display. The font selection follows a 
standard binary count (00 = font 0, 01 = 
font 1, 10 = font 2,11 = font3). 


NOTE: To initialize the card, write the bits 0001 XX1 into I/O port 3B8. 


Writing Data to the MDA Interface — The display is treated by 
the CPU as RAM. The text control data is written into the RAM 
on the Card. The CRTC and hardware on the card manage the 
display. The programmer has a number of options in the way that 
data can be handled. 
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NOTE: Bit 0 in the contro! register must be 1 to enable the write 
function. Before attempting to write to the memory, be sure this 
bit is properly set. 


The programmer can alternately write data and control bytes to the 
display and attribute RAM, or fill the data into the display RAM and 
then fill the attribute RAM. The display RAM is enabled by a low 
on the CPU’s A1 address line so that all attribute addresses are 
odd numbers. The addresses are shown in Table 17- 20. 


Table 17-20. Character/Attribute Addressing 


DISPLAY LOCATION CHARACTER ADDRESS ATTRIBUTE ADDRESS 
1 Boooo Booo1 
2 Booo2 Bo003 
3 Boo004 Boo0s 
4 Booos BO0007 
80 (last in line 1) BOooAO BOOA1 
81 (1st in line 2) BOOA2 BOOA3 
1975 (1stin line 25) BOFSE BOF5F 
2000 (last on page) BOFAO BOFA1 


In most cases, the attributes are changed in blocks. This means 
that the same attribute code is entered repetitively until the end 
of the block is reached. When whole blocks of data are moved to 
the screen, it may be faster to enter all of the characters and then 
the attributes. In cases where single characters are entered from 
the keyboard, it may be easier to enter the character and then the 
attribute. 


Attribute Codes — The 8 bits of data stored in the attribute RAM 
are used to control the display of each character in the display. 
Six functions are available for each character and selected by the 
data in the attribute RAM. These functions are shown in Table 17.21 
along with the code that generates them. In order to blink the charac- 
ter, the blink enable bit in the contro! register must be set as de- 
scribed earlier in this chapter. 
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Table 17-21. Attribute Codes 
ATTRIBUTE DATA BIT CONTROL REGISTER 
FUNCTION 7 6 5 4 3 2 1 +O DATABIT3 


Not displayed 0 00 00 0 0 0 =x 


Intensify 
background 1 x*« x x x x x x oO 
Blink 1 x x x xX xX x x 1 
Underline x xX x x x O 0 1 x 
Intensify x x x x 1 xX xk xX xX 
foreground 

Reverse 
video * + + + #& DO 2 © & 


x = value does not affect attribute 


Cursor Control — The cursor is generated by the CRTC. The cur- 
rent location of the cursor can be determined by reading the contents 
of CRTC register R14 and R15. The cursor can be moved by writing 
a new location into the registers. 


The value returned from this register will not be the same as the 
address the CPU uses to address the identical display location. The 
CPU must address the display and attribute memories at different 
locations. The CRTC addresses them at the same time. Bit 0 of 
the CPU address is used to select which of the two memories is 
being talked to. Since the CRTC addresses the two RAM'’s at the 
same time, there is no corresponding bit 0. Character address bit 
0 from the CRTC is the same as address bit 1 from the CPU. The 
relationship of the addresses is such that the address from the 
CRTC registers must be shifted left one position to make them 
agree. 
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To reposition the cursor, do the following: 
1. | Determine the location you want the cursor to move to. 


2. Write OEH into I/O address 3B4H to address the high-order 
cursor address (CRTC index register RO). 


3. | Write the high-order value of the cursor address to I/O address 
3B5H. Remember that the CRTC address is shifted to the right 
one position from the CPU address. 


4. Write OFH into I/O address 3B4H to address the low-order 
cursor address register (CRTC register R15). 


5. Write the low-order address of the cursor to I/O address 3B5H. 


Blanking/Clearing the Display — Blanking the display means that 
the characters stored in the character memory are not displayed 
on the CRT. The memory is not affected and can be read or changed 
while the screen is blanked. The display is cleared when all data 
stored in the RAM is erased. 


The display is blanked through the video control register. To blank 
the display, write XXXX OXX1 (for example, 01H) to I/O address 
3B8H. No characters will be displayed on the CRT but the RAM 
may be changed at this time. Clearing the display requires writing 
Os to all RAM locations. 


Scrolling the Display — The programmer can use the flexibility 
of the 6845 CRTC to scroll the display. The starting point of the 
display can be moved to a new location in the RAM without changing 
the RAM. This is done by writing OCH into I/O address 3B4H to 
prepare the high-order register in the 6845 to accept data. Then 
write the high-order location to I/O address 3B5. The next step is 
to write ODH to I/O address 3B4H and then the low-order location 
into 1/0 address 3B5H. The top-left corner of the display will now 
be the address specified. The programmer must exercise caution 
when addressing starting locations beyond the first page so that 
no addresses beyond the capability of the RAM are used at the 
end of the page. 
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Paging the Display — The standard RAM contains enough memory 
to display four pages of standard text. The programmer can page 
in one of two ways: using the CRTC address registers as described 
for scrolling (enter an address one page higher than the current 
address instead of one line higher), or through the video control 
register. 


To use the video control register to page the text, write a 1 into 
bit 4 of the byte at I/O address 3B8H. Be careful not to change 
the other bits of this byte when using this procedure. 


Character Font — Table 17-22 illustrates the supported character 
font. 


Table 17-22. Character Font 


BE SE Seu! 


[ao] 8 fe [> |e [=] ioe [s laisse) 


BOBBORE 


[3 | 
7 
8 

[2 | 
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a 
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Status Register 


The status register is a 4-bit, read-only register located at 1/O port 
3BAH. Bit 0 is the horizontal drive signal, bits 1 and 2 are the font 
number in use, and bit 3 is the video data. The programmer can 
look at bits 1 and 2 for font information and can use bits 0 and 
3 for diagnostics, but data bits 0 and 3 are read “on the fly”. These 
data bits may not meet the timing requirements to be read properly. 


Quick Reference Charts — The following tables give the addresses 
and default values for the registers accessible to the programmer. 
Table 17-23 shows all the addresses which can be written to or 
read from and their use. Table 17-24 shows the CRTC registers 
and their default values. 


Table 17-23. MDA Register Addresses 


VO 
ADDRESS FUNCTION DESCRIPTION 
3B4 CRTC Index Used to select a CRTC register 
Register to write to. This register must be written 
to before data can be entered into the 
CRTC registers. 
3B5 CRTC Data Data written into this register is 
Register loaded into the CRTC register selected 
by writing into address 3B4. 
3B8 CRT Control This register controls the functions of 
Register the card including communication, 
video display, the page of the display, 
blink enable, and font selection. The 
function of these bits is shown in Table 
17-19. 
3BA CRT Status This port allows the programmer to look 
Port at the font selected, the video data, and 


the horizontal sync. 
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Table 17-24. CRTC Registers and Default Values 
REGISTER REGISTER PROGRAM 80 x 25 
# FILE UNIT MONOCHROME 
RO Horizontal Total Characters 61H 
Ri Horizontal Displayed Characters 50H 
R2 HSYNC Position Characters 52H 
R3 HSYNC Width Characters FH 
R4 Vertical Total Char Rows 19H 
RS VTOTAL Adjust Scan Line 6H 
R6 Vertical Displayed Char Rows 19H 
R7 VSYNC Position Char Rows 19H 
R8 Interlace Mode _ 02 
RQ Max Scan Line Address Sean Line DH 
R10 Cursor Start Scan Line BH 
Ri1 Cursor End Scan Line CH 
R12 Start Address (H) _ 00H 
R13 Start Address (L) _ 00H 
R14 Cursor (H) _ 00H 
R15 Cursor (L) _ 00H 
Rié6 Reserved _ _- 
R17 Reserved _ _ 
CGA Interface 


The following sections describe the programmable CGA characteris- 
tics emulated by the 31 KHz video card. They discuss specific regis- 
ters required to produce the CGA format. A complete discussion 
of the 6845 CRTC registers is provided at the beginning of this 
section. 


CRT Controller Registers 


The user can program the 19 internal registers of the 6845 CRT 
controller to define display and control parameters of a raster- 
scanned monitor. One of these registers, the address register, is 
used only as a pointer to the addresses of the other 18 registers. 
The address register is write-only. The CPU loads this register using 
an I/O OUT instruction to I/O address 3D4. This register is loaded 
with the five least-significant bits of the I/O argument. 
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The other 18 registers are selected by the pointer information in 
the address register, then the CPU directs the information at address 
3D5 to be loaded into the selected register. Transfers of address 
and parameter information to and from the registers is via data lines 
DO through D7. 


Table 17-25 defines the individual registers in terms of values con- 
tained in them and the results obtained with these values. All values 
are expressed in hexadecimal. 


Table 17-25. CRT Controller Register Functions 


VALUES 

REG. REG. REG. REG. 40 x 25 80x 25 GRAPHICS 

ADDR. NO. TYPE UNITS STAT. TEXT TEXT MODES 

0 RO Horiz. Total Char. Write 38 71 38 

1 Ri Horiz. Dispd. Char. Write 28 50 28 

2 R2 Horiz. Syne. Char. Write 2D 5A 20 
Position 

3 R3 Horiz. Sync. Char. Write 0A 0A OA 

4 R4 Vert. Total Row Write 1F 1F 7F 

5 R5 Vert. Total Scan Write 06 06 06 
Adjust Line 

6 R6 Vert. Dispd. Row Write 19 19 64 

7 R7 Vert. Sync. Row Write 1c 1c 70 
Position 

8 R8 Interlace - Write 02 02 02 
Mode 

9 Rg Max. Scan Scan Write 07 07 01 
Line Addr. Line 

A Ri0 = Cursor Scan Write 06 06 06 
Start Line 
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Table 17-25 (continued). CRT Controller Register Functions 


VALUES 
REG. REG. REG. REG. 40x25 80x25 GRAPHICS 
ADDR. NO. TYPE UNITS STAT. TEXT ~~ TEXT MODES 
B Rit Cursor Scan Write 07 07 07 
End Line 
Cc R12 Start Addr. High = Write 00 00 00 
D R13 — Start Addr. Low Write 00 00 00 
E R14 — Cursor Addr. High — Read/ XX XX XX 
Write 
F R15 — Cursor Addr. Low _ Read/ XX XX XX 
Write 
10 R16 —_ Light Pen High Read XX XX XX 
11 R17 _—_ Light Pen Low Read XX XX XX 


The first group of registers, RO through R3, establishes the horizon- 
tal format and timing parameters. Registers R4 through R9 deter- 
mine vertical format and timing parameters. The remaining registers, 
R10 through R17, deal with cursor characteristics, screen memory 
addressing, and the light pen interface. Typically, registers RO 
through R11 are loaded when the system is turned on and should 
not need to be accessed thereafter. The other six registers, R12 
through R17, need to be accessed on an ongoing basis during dis- 
play operations. R12 and R13 establish the 14-bit starting (top-of- 
page) address of screen memory. The contents of these registers 
may be manipulated to perform scrolling of the screen contents. 
R14 and R15 establish the 14-bit cursor address which establishes 
the cursor symbol position on the screen. R16 and R17 are used 
only if a light pen is interfaced. 
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Horizontal Timing and Format Registers — The contents of regis- 
ter RO determines the total time allotted for one scan line in terms 
of character clock (CLK) cycles (total of displayed and undisplayed 
characters minus 1) per horizontal line, thus determining the horizon- 
tal sync (HSYNC) frequency. 


R1 is the character row register. it is loaded with the total number 
of characters minus 1 in character clock (CLK) units. 


The horizontal sync register, R2, establishes the point at which the 
HSYNC signal makes its negative-to-positive transition, specified 
in terms of CLKs. The reference point for the beginning of the 
HSYNC pulse is the left-most character position displayed on the 
scan line. 


R3, the HSYNC width register, uses only the four least-significant 
bits of data to establish the duration of the HSYNC pulse in the 
range of 1 to 16 character clocks. This allows you to adjust the 
HSYNC pulse duration to the requirements of the applicable CRT 
monitor. 


Figure 17-3 shows the inter-relationship between the four horizontal 
timing and format registers (RO through R3) in terms of CLK. 


DISPEN 


HSYNC 


Figure 17-3. Horizontal Timing and Format 
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Vertical Timing and Format Registers — Registers R4 through 
R9 normally are loaded at system startup and normally are not 
changed thereafter. The point of reference for these registers is 
the top-most character position displayed on the monitor screen. 


The vertical total register, R4, and the vertical sync adjust register 
determine the total number of scan line times in a frame, including 
vertical retrace, establishing the overall frame rate or VSYNC fre- 
quency. 


R4 is a 7-bit register loaded with the total number of character rows. 
Since a character row can consist of up to 32 scan lines, it may 
be difficult for you to establish a refresh frequency close to the line 
frequency. Register R5, a 5-bit VSYNC adjust register, may then 
be used to fine-tune the VSYNC frequency. R5 is loaded with a 
value representing scan line times. 


The character-rows-displayed register, R6, is a 7-bit register which 
allows you to select the number of rows of characters to be dis- 
played, up to 128. What you specify for this register does not deter- 
mine the positions of the VSYNC pulse, but the point at which display 
enable (DISPEN) will be reset for vertical retrace. 


R7, the vertical sync (VSYNC) position register, determines the point 
at which the VSYNC signal makes its negative-to-positive transition 
to initiate vertical retrace. VSYNC position is determined by the char- 
acter row times, measured from the first character row on the moni- 
tor screen. The VSYNC pulse always has a duration of 16 scan 
lines. Since the scan line frequency will vary from one application 
to another, and since the VSYNC pulse duration cannot be changed, 


external circuitry may be needed to achieve a pulse that is compati- 
ble with the monitor used. 


The interlace mode register, R8, determines whether interlaced or 
non-interlaced scan is used. 


The value in register RQ9 determines the number of scan lines per 
character row. This 5-bit register may be programmed for a charac- 
ter row of up to 32 scan lines. The value used will dictate the 
maximum count output by the raster address signals (RAO through 
RA4) to the character generator logic. Load R9 with the desired 
scan line count minus 1. 
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The cursor formatting registers are comprised of the cursor start 
and cursor stop registers, R10 and R11, respectively. The five least- 
significant bits of each register determine the scan lines within a 
character row where the cursor symbol is to activated. The scan 
line specified in R10 is the first scan in which the CURSOR signal 
is to be set and it will remain set until the scan line specified in 
R11 has been completed. Accordingly, if the cursor symbol is to 
occupy a single scan line, the same value must be loaded into both 
registers. If different values are loaded, a block-type cursor will be 
formed. In interlaced sync and video mode, both registers must be 
loaded with either odd or even values. Bits 5 and 6 determine 
whether or not the cursor is to blink, and if so at either 1/16th or 
1/32th of the field rate. See the data sheets in Chapter 8 for clarifica- 
tion of cursor format programming. 


Primary Operating Registers — The remaining six registers, R12 
through R17, are considered the primary operating registers since, 
in the course of display programming, the contents will undoubtedly 
change on an ongoing basis rather than being loaded one-shot at 
system startup. The six registers are arranged as three 14-bit regis- 
ter pairs (bits 6 and 7 of the most-significant byte are not used). 


R12 and R13 comprise the top-of-page register which specifies the 
screen memory address containing the first character from the top- 
left corner to be displayed. At the end of each vertical retrace, the 
first screen memory address generated will be the one contained 
in these registers. Since the 6845 addresses memory linearly, rather 
than on a row/column basis, scrolling can be performed on either 
a character-by-character or row-by-row basis. 


The cursor position register, R14 and R15, generate a cursor signal 
when the 6845 generates a screen memory address on MAO through 
MA13 that matches the contents of this register pair, and when the 
scan line counter (RAO through RA4) outputs fall within the limits 
established by registers R10 and R11. It may be necessary to delay 
the cursor signal with external logic circuitry to achieve display at 
the desired position. Cursor movement on the screen is accom- 
plished by loading new values into R14 and R15. These registers 
are the 6845's only read/write registers so they also can be used 
to keep track of the cursor position, rather than copying this informa- 
tion from another memory location. 
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R16 and R17 are the light pen register pair, which will be loaded 
with the screen memory address corresponding to the screen posi- 
tion at which the LPEN signal was detected. Since there are several 
critical timing parameters involved with this signal, be sure to care- 
fully study the documentation supplied with this option. 


Raster Scan Registers — The raster scan outputs, RAO through 
RA4, provide the interface between the 6845 and the character 
generator logic. These outputs may represent scan line counts of 
from 0 to 31, or up to 32 scan lines per character row. Register 
RQ, the scan lines/row register, determines the maximum count from 
the scan output registers before reset occurs. Scan line counts are 
incremented at the HSYNC rate, but also are dependent on the 
interlace format selected. 


V/O Registers — Table 17-26 defines the CGA I/O devices emulated 
by the 31 KHz video card. 


Table 17-26. CGAI/O Port Assignments 


PORT ADDRESS REGISTER 


3D0 6845 

3D1 6845 

3D8 Mode Control 

3D9 Color Select 

3DA Status/Mode I/O 

3DB Light Pen Latch CLEAR 
3DC Light Pen Latch PRESET 
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To address a given port, the address lines are programmed as de- 
fined in Table 17-27. 


Table 17-27. CGAI/O Port Selection 


PORT AQ A8 A7 AGB AS A4 AB A2 AL AOD 
3D0 1 1 1 1 0 1 1 xX xX 0 
3D1 1 1 1 1 0 1 1 X X 1 
3D8 1 1 1 1 0 1 1 0 0 0 
3D9 1 1 1 1 0 1 1 0 0 1 
3DA 1 1 1 1 0 1 4 0 1 0 
3DB 1 1 1 1 0 1 1 0 1 1 
3DC 1 1 1 1 0 1 1 1 0 0 


X = Don't care 


The 6845 CRT controller occupies two I/O port addresses. The RS 
(register select) line is connected to the least-significant bit, AO. 
When AO is reset, the address register is accessed to load it with 
the register address of the desired parameter, which would then 
be accessed by setting AO (RS). A typical register access operation 
then would consist of two consecutive device write cycles, or a write 
cycle followed by a read cycle, and these cycles would be directed 
to consecutive memory or I/O locations. 
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Color Select Register — The color select register, located at ad- 
dress 3D9, is a 6-bit output-only device (it cannot be read) which 
can be written to using the !/O OUT command. Only the six least- 
significant bits of the instruction byte are used, as shown in Table 
17-28. 


Table 17-28. Color Select Register Logic 


BIT DESCRIPTION 

0 B (blue) border color select (text mode) or 640 x 200 graphics 
dot color. 

1 G (green) border color select (text mode) or 640 x 200 graphics 
dot color. 

2 R (red) border color select (text mode) or 640 x 200 graphics 
dot color. 

3 I (intensity) intensifies border color (text mode) or 640 x 200 
graphics dot color. 

4 Selects alternate background color palette for text mode color. 

5 320 x 200, graphics color palette selection. 


6and7 Not used. 


In text mode, bits 0, 1, 2, and 3 determine the screen border color. 
In 320 x 200 graphics submode, these bits select the screen back- 
ground color (CO and C1). 


Bit 4, when set, selects an alternate, intensified palette of back- 
ground colors in text mode if bit 5 in the mode select register, 1/0 
port 3D8, is reset. 
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Bit 5 is used only in the 320 x 200 graphics submode to select 
the active palette of screen display colors. If bit 5 is a logical 1, 
color is determined by the the logic of Table 17-29. If bit 5 is a 
logical 0, color is determined by the logic of Table 17-30. 


Table 17-29. Palette Number 1 Selection 


Ci co BACKGROUND COLOR 

0 0 Defined by bits 0-3 of I/O Port 3D9 
0 1 Cyan 

1 0 Magenta 

1 1 White 

Table 17-30. Palette Number 2 Selection 
Ci co BACKGROUND COLOR 

0 0 Defined by bits 0-3 of I/O port 3D9 
0 1 Green 

1 0 Red 

1 1 Yellow 
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Mode Select Registers — The mode select registers are also write- 
only registers. One is a 6-bit register at port address 3D8; the other 
is an 8-bit register at 3DA. Both can be written to using /O OUT 
commands. The output register at 3D8 functions according to the 
logic of Table 17-31. 


Table 17-31. Mode-Select Port 3D8 Logic 


BIT DESCRIPTION 


0 A logical 1 selects 80 x 25 text submode. 
A logical 0 selects 40 x 25 submode. 


1 A logical 1 selects 320 x 200 graphics submode. 
A logical 0 selects text mode. 


2 A logical 1 selects monochrome submode. 
A logical 0 selects color submode. 


3 Disables the video signal during mode changes. The video sig- 
nal should be re-enabled following a mode change. A logical 
1 enables the video. 


4 A logical 1 selects 640 x 200 monochrome graphics submode. 
Use I/O port 3D9 to select one of eight colors when using a 
direct drive monitor in this submode. 


5 A logical 1 selects blinking feature in alphanumeric mode (nor- 
mal setting). A logical 0 intensifies whichever of the 16 back- 
ground colors is selected to yield a lighter shade of that color. 


6and7 Not used. 
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The register at 3DA functions according to the logic of Table 17-32. 


Table 17-32. Mode-Select Port 3DA Logic 


BIT 


0 


6 and7 


DESCRIPTION 


A logical 1 overrides the VIDEO ENABLE signal from 3D8; will 
eliminate monitor display flicker when in text mode. 


Character font selection. A logical 1 selects the single-dot width 
font. A logical 0 selects the double-dot width font. The purpose 
for allowing this either/or situation is to enable your selection 
of either font at power on. 


A logical 1 will underline any character which has a logic one 
in bit 6 (RED background) of the attribute byte. 


Reserved for video diagnostics. 
Reserved. 


A logical 1 enables fast hardware scrolling in the 80 x 25 sub- 
mode only. 


Used to select one of four pages of display text from the video 
RAM according to the following logic: 


BIT7 BIT6 SCREEN PAGE SELECT 
0 0 First page 
0 1 Second page 
1 0 Third page 
1 1 Fourth page 


Status Register — The status register, an 8-bit read-only buffer, 
resides at input port address 3DA. Table 17-33 summarizes the 
logical operation of this register. 
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Table 17-33. Status Select Logic 


BIT DESCRIPTION 

0 A logical 1 indicates that a horizontal or vertical retrace is in 
progress. This bit can be used to update the video memory 
during screen refresh intervals. 

1 A logical 1 in this bit position indicates that a positive-going 
light pen signal has set the light pen trigger. This trigger is 
reset at power up and also may be cleared by issuing an I/O- 
OUT command to port address 3DB. The reset is address- 
activated; no specific data need be output. 

2 A logical 0 indicates that the light pen switch is on. The switch 
signal is not latched or debounced. 

3 A logical 1 indicates that a vertical retrace is in progress. 

4 Least-significant bit (LSB) of the character font number. 

5 Most-significant bit (MSB) of the character font number. 

6and7 Not used. 


a 


Programming Sequence 


In general, observe the following sequence when selecting operating 
parameters for the video interface: 


1. Determine desired mode of operation: text mode or all-points- 
addressable graphics. 


2. Reset video enable bit. Also reset video override bit 0 in port 
address 3DA if not already reset. 


3. Program the CRT controller to desired mode. 


4. Determine desired submode(s), then program mode and color 
select registers. 


5. Set video enable bit. Also set the video override bit, if desired. 
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HGC Interface 


The following sections describe the programmable HGC characteris- 
tics emulated by the 31 kHz video card. They discuss specific regis- 
ters required to produce the HGC format. A complete discussion 


of the 6845 CRTC registers is Provided at the beginning of this 
section. 


Index and Data Registers 


The index and data registers are I/O ports that can be programmed 
to interface the HGC format to the proper type of video monitor. 
The index (or pointer-address port) register is addressed at port 
address 3B4H and the data port is addressed at 3B5H. 


The index register acts as a gateway to 18 data registers. The values 
placed in the data registers establish the frequency for the mono- 
chrome display and the width and height of the display. Various 
other parameters can be established through the data registers. A 
complete analysis of these parameters is given in the “6845 CRT 
Controller Emulation” discussion at the beginning of this section. 


Display Mode Control Register 


This port is an output port that sets a specific mode of operation. 


The display mode control register is addressed at port address 
3B8H. 


CAUTION 


Be very careful when programming this port. If an incor- 
rect video mode is accidently programmed, it could per- 
manently damage the video monitor. 


Table 17-34 details each bit’s function of the display mode control 
register. 
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Table 17-34. Display Mode Control Register 


BIT 


DESCRIPTION 


0 


1 


Reserved. 


The state of this bit selects between the text or graphics mode 
of operation. If this bit is set low (zero), the text mode is active. 
If this bit is set high, the graphics mode is active. The powerup 
default provides the text mode of operation. Whenever a mode 
change occurs, the 6845 CRTC must be reprogrammed accord- 
ingly. 


Reserved. 


The state of this bit either blanks the monitor's screen or en- 
ables it. When set low, the screen is blanked and when set 
high, the screen is enabled. The powerup default provides a 
blanked screen. This function is useful when modes are 
changed. Blanking the screen allows the transition between 
modes to occur without possible screen bounce. 


Reserved. 


The state of this bit enables or disables the text blinking attribute 
that is assigned to any one character. When this bit is set low, 
the blinking attribute is disabled and when set high, the charac- 
ters that have the attribute assigned to them will blink. Note 
that the blinking attribute does not affect the screen cursor. 
The powerup default disables blinking. 


Reserved. 


The state of this bit determines the starting memory address 
for the display buffer. When set low, the display buffer is ad- 
dressed at BOOOOH (page 0) and when set high, the display 
buffer is addressed at B8000H (page 1). 


— Eee 
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CAUTION 


Be particularly careful when you change from text to 
graphics or from graphics to text modes. The following 
simultaneous program sequence is recommended: 


e Specify the desired mode (text or graphics) by setting 
bit 1 of the control mode register to the appropriate 
State. Do not use high-level programming languages 
to change values in the display mode control register. 
Random vertical and horizontal sync frequencies 
may result that could damage the monitor. 


e@ Reprogram the 6845 CRT controller data registers 
with the appropriate values. Refer to the “6845 CRT 
Controller Emulation” discussion at the beginning of 
this section. 


Display Status Register 

This port is an input port that receives continual display status. The 
register in this port is addressed at port address 3BAH. Table 17-35 
details each bit’s function of the display status port. 


Table 17-35. Display Status Register 


BIT DESCRIPTION 
ca a ee eee 
0 When the state of this bit is low (zero), it indicates that there 


are normal characters being output to the video monitor. When 
the state of this bit is high, it indicates that horizontal sync is 
occurring and that the normal character output is blanked (tem- 
porarily disabled). The persistence of the display maintains the 
brightness of the characters during sync periods. 
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Table 17-35 (continued). Display Status Register 
BIT DESCRIPTION 
1 Reserved. 
2 Reserved. 
3 The state of this bit gives the status of the display with respect 


to the video signal. When this bit is low, it indicates that the 
video signal is inactive and no video “dots” are being sent to 
the display. When this bit is high, it indicates that the video 
signal is actively sending video dots to the display. 


4 Reserved. 
5 Reserved. 
6 Reserved. 
va When the state of this bit is low, it indicates that vertical retrace 


is occurring and that no characters are being output to the video 
monitor (vertical blanking). When the state of this bit is high, 
it indicates that characters are being output to the video display 
and that an active trace period is occurring. The persistence 
of the display maintains the brightness of the characters during 
sync periods. 


NN 


Configuration Register 


This port permits configuration of the video mode and selects the 
desired video display buffer (page). The register in this port is ad- 
dressed at port address 3BFH. The status of the bits in this register 
must be set in accordance with the appropriate bits of the display 
mode control register (3B8H) to select the desired display buffer. 
Table 17-36 details each bit's function of the 2-bit configuration port. 
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Table 17-36. Configuration Register 


BIT DESCRIPTION 
SS ee eae 
0 When the state of this bit is low (zero), the graphics mode is 


disabled. Bit 1 of the display mode control register is forced 
tow. When the state of this bit is high, the graphics mode is 
enabled. The powerup default of this bit disables the graphics 
mode (set low). 


1 The state of this bit determines which display buffer is active. 
When the state of this bit is low, the active display buffer resides 
at address BOOOOH (page 0). When the state of this bit is high, 
the active display buffer resides at address B8000H (page 1). 


-_—_—ooooOoeoee 


The emulated Hercules Graphics Card format produces text mode 
video by storing character and attribute codes in a 4K display buffer. 
The codes that define each character are stored in the display buffer 
contiguously. 160 bytes (one for the character code and one for 
the attribute code) are required to create enough characters to fill 
one entire line on the video monitor. 


The character generator can produce 256 unique characters. Each 
8-bit character code contains the information required to define a 
specific character. The character set is identical to the character 
set produced by a typical PC character generator. However, the 
character font is a double-dot font displayed in a 9-pixel x 14-pixel 
character cell. 


The attribute code is decoded to highlight the selected characters 
with a video attribute. The attributes include character underlining, 
blinking, boldface, reverse video, and blank characters. Table 17-37 
details which attribute codes produce each video attribute. 
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Table 17-37. Video Attributes 


BIT ATTRIBUTE 
7 6 5 4 3 2 1 0 
a 
xX 0 0 ¢) | 0 ie} i¢} Blank character 
x 0 0 0 | 0 0 1 Underline 
xX 0 0 0 | 1 1 1 Normal 
x 1 1 1 | 0 0 0 Reverse video 
NOTES 


1. Ifthe status of bit 3 (1) is high, the character will appear in boldface. 


2. {If the status of bit 7 (X) is high, and the status of bit 5 in the display 
mode control register is low, the character background will appear in 
boldface. 


3. If the status of bit 7 (X) is high, and the status of bit 5 in the display 
mode control register is high, the character background will blink. 


Graphics are displayed when the display mode control register and 
the configuration register are programmed accordingly. The graphics 
mode is bit-mapped so that each bit of video data controls one 
picture element (pixel). The display buffer for the graphics mode 
consists of two separate memory regions (pages). The first memory 
region (page 0) is addressed at BOOOOH — B7FFFH. Page 1 is ad- 
dressed at B8000H — BFFFFH. 


Only one video page can be displayed at a time. Dynamic manipula- 
tion of the video screen can be achieved through altering values 
in the display buffer. Changes made to the buffer are immediately 
displayed. The inactive buffer can also be manipulated. The changes 
made to that buffer will not be seen until the buffer is made active. 
The display mode control register must be programmed to select 
the active display buffer (video page). 
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Enhanced Graphics 


The 31 kHz video card emulates all of the functions provided by 
the EGA video interface. This card supports enhanced graphics on 
31 kHz horizontal frequency monochrome and color monitors. The 
emulated EGA modes include 720-pixel by 350-pixel monochrome 
high-resolution graphics, 16-color graphics with either 320-pixel by 
200-pixel or 640-pixel by 200-pixel resolution, and alphanumeric and 
bit-mapped, 16 color (out of a palette of 64 possible colors) 640-pixel 
by 350-pixel resolution for enhanced color display. 


In the alphanumeric modes, characters may be selected from either 
of the predefined 256-member character generators. One generator 
defines 7-pixel by 9-pixel characters in a 9-pixel by 14-pixel charac- 
ter cell; the other defines 7-pixel by 7-pixel characters in an 8-pixel 
by 8-pixel character cell. Two additional 256-member character sets 
may be defined by the user and accessed at the same time, allowing 


the user to select any of over 1000 characters to be displayed at 
any time. 


The following paragraphs provide a description of the major devices 
on the 31 kHz card that implement EGA emulation. 


Card and EGA addressing and control signals are received from 
the system and sent through the ROM decoder circuits to the other 
elements of the card. Bidirectional data flow is handled by the CRT 
and graphics controllers. The sequencer controls the flow of data 
between the CPU and video circuits and the attributes controller 
combines the characters generated with the various video attributes 
to produce the output sent to the video display. The multiplexer 
allows graphics and character data and control functions to be multi- 
plexed together, simplifying the wiring of the card. 


CRT Controller — The CRT controller generates all horizontal and 
vertical sync timing signals, address signals for accessing and dis- 
playing the contents of video memory, cursor and underline timing 
signals, and the refresh address signals for the dynamic RAM. 


cm of & 


Page 17-57 
31 kHz Video 


Sequencer — The sequencer generates the timing signals for use 
by the video memory as well as the character clock for controlling 
all video memory fetches. The sequencer also allows the host com- 
puter to access video memory by inserting dedicated processor 
memory access cycles between the video memory display cycles 
(during horizontal and vertical retrace). 


Graphics Controller — The graphics controller directs the data 
from the host computer’s memory to the attribute controller and the 
processor. In graphics modes, data is sent in serial form to the 
attribute controller. In alphanumeric modes, the memory data is sent 
in parallel form directly to the video card’s memory, bypassing the 
graphics controller. The graphics controller also formats the data 
for normal color modes when requested. 


Attributes Controller — The attributes controller provides a color 
palette of 16 colors, each of which may be separately specified 
from 64 possible colors. The controller receives data from the video 
card’s memory and formats it for display on the CRT screen. This 
device also controls cursor and character blinking and underlining. 


Memory Planes — The display buffer is the video memory on the 
EGA card, and it contains 256K of dynamic RAM configured as 
for 64K memory planes of memory. The base address of this mem- 
ory is set at AOOOOH to remain compatible with other video cards 
and applications software. 


ROM — The firmware on the EGA card is designed for use with 
the computer system’s firmware. It is unique to Zenith Data Systems 
computers and may not be fully compatible with other manufactur- 
ers’ computers. This ROM contains the character generators and 
control code. It is mapped into the system memory at COOOOH and 
occupies 16K. 


Support Logic — The support logic provides multiplexing circuits 
and latches for the CRT controller, processor, and character 
generator. Two clock sources (14 MHz and 16 MHz) determine the 
timing and dot clock rate. The clock is multiplexed under processor 
control. 
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The 31 kHz EGA card's circuits are built around a chip set of four 
very large scale integrated circuits (VLSI). The set consists of an 
82C431 Graphics Controller, and 82C432 Sequencer, and 82C433 
Attributes Controller, and an 82C434 CRT Controller. This set sup- 
ports color and monochrome (TTL-compatible) monitors in al- 
phanumeric and bit-mapped (all-points-addressable) modes, includ- 
ing those supported by the IBM color graphics adapter and mono- 
chrome display adapter. The various video modes are described 
later in this manual. 


The following paragraphs, tables, and illustrations describe the func- 
tion of each IC, its registers, and operation. 


82C431 Graphics Controller 


The graphics controller directs data from the video memory to the 
attributes controller and system’s CPU. It operates in two modes: 
alphanumeric mode and graphics mode. In the alphanumeric mode, 
data is sent in parallel form from video memory directly through 
the graphics controller to the attributes controller. In the graphics 
mode, data from video memory is converted to serial form before 
it is sent to the attributes controller. 


The graphics controller also formats the data for use in the various 
video modes. It provides color comparators that are used in color 
painting. Built-in logic functions manipulate the data before it is writ- 
ten to video memory so that it can be written in 32-bit words, expedit- 
ing video speed. 


The controller is divided into two sections called Graphics A and 
Graphics B, each of which has an internal register assigned to it. 
Graphics A writes to memory planes 0 and 1 and Graphics B writes 
to memory planes 2 and 3. 


Table 17-38 provides a summary of the registers in the Graphics 
Controller 


“a 


Page 17-59 
31 kHz Video 


Table 17-38. Graphics Controller Register Summary 


PORT REGISTER 

ADDRESS NUMBER REGISTER NAME 
3CC _ Graphics A position 
3CA _ Graphics B position 
3CE _ Address register (00 — 08) 
3CF RO 00 — set-reset 

3CF R1 01 — enable set-reset 
3CF R2 02 — color compare 
3CF R3 03 — data rotate 

3CF R4 04 — read map select 
3CF R5 05 — mode 

3CF R6 06 — miscelianeous 
3CF R7 07 — color don’t care 
3CF R8 08 — bit mask 


Graphics A Position Register — The Graphics A position register 
may be programmed with an 0 or a 1. For normal operation, the 
Graphics A position register must be programmed with a 0 and the 
Graphics B position register must be programmed with a 1. This 
will direct data bus signals DO to memory plane 0 and Di to memory 
plane 1. 


Although you can program this register to route DO to memory plane 
2 and D1 to memory plane 3, the EGA card is not designed to 
operate in this manner. 


Graphics B Position Register — The Graphics B position register 
may be programmed with a O or a 1. For normal operation, the 
Graphics B position register must be programmed with a 1 and the 
Graphics A position register must be programmed with a 0. This 
will direct data bus signals D2 to memory plane 2 and D3 to memory 
plane 3. 


Although you can program this register to route D2 to memory plane 
0 and D3 to memory plane |, the EGA card is not designed to operate 
in this manner. 
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Address Register — The address register is used to point to the 
other registers in the 82C431 and route input and output to the 
indicated register through port 3CFH. The four least significant bits 
determine the register selected. Table 17-39 defines the address 
of each register. 


Table 17-39. Graphics Controller Addressing 


BIT BIT BIT BIT 
3 2 1 0 VALUE REGISTER 


0 0 0 0 00 RO — set-reset register 

0 0 0 1 01 Ri — enable set-reset register 
0 0 1 0 02 R2—color compare register 

0 0 1 1 03 R3 — data rotate register 

0 1 0 0 04 R4—read map select register 
0 1 0 1 05 R5—mode register 

0 1 1 0 06 R6 — miscellaneous register 

0 1 1 1 07 R7—color don’t care register 
1 0 0 0 08 R8 — bit mask register 


The partial program in Listing 17-1 illustrates a method that you 
may use to place a value (previously loaded into the CPU register 
BL) into the data rotate register of the 82C431 graphics controller. 
Loading data into other registers follows a similar pattern. 


Listing 17-1. 82C431 Programming Example 


sselect the register 
MOV DX,3CEH _ ;port address of the address register 
MOV AL, 03 ;select the register for the data 
OUT DX, AL ssend AL to port defined by DX 
sent the data 
MOV DX,3CFH — ;port address for internal register 
MOV AL, BL splace value previously loaded in BL into AL 
OUT DX, AL ;send value to register 
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Set-Reset Register (RO) — The value placed in bits 0 — 3 of this 
register will be written to the corresponding memory plane. To write 
the value to video memory, the mode register (R5) must have the 
write mode selected and the corresponding enable bits in the enable 
set-reset register (R1) selected. Table 17-40 describes the bit to 
memory plane relationship. 


Table 17-40. Bit to Memory Plane Relationship 


BIT MEMORY PLANE 


0 If set to 1, set memory plane 0; if set to 0, reset memory plane 0. 
1 If set to 1, set memory plane |; if set to 0, reset memory plane 1. 

2 If set to 1, set memory plane 2; if set to 0, reset memory plane 2. 
3 If set to 1, set memory plane 3; if set to 0, reset memory plane 3. 


Enable Set-Reset Register (Rl) — This register works with RO (the 
set-reset register) and R5 (the mode register). In order to enable 
RO to set or reset the corresponding memory plane, the correspond- 
ing bit in this register must be set to 1. If the bit is set to 0, the 
corresponding set-reset bit in RO is not enabled. The relationships 
are the same as those shown for RO in Table 17-40. 


Color Compare Register (R2) — The mode register (R5) must 
be in the read mode. If the data read from the memory planes com- 
pares with the corresponding bits in this register, a 1 will be placed 
in that position of the data bus. In essence, the four bits of this 
register are ANDed with the bits from corresponding memory planes. 
If they are equal (in agreement), the bit on the data bus will be 
set (1). If they do not compare, the bit on the data bus will be reset 
(0). Table 17-41 provides an example of this action when the color 
compare register is set to 3 (0011). 
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Table 17-41. Color Compare Register Example 


DO Di D2 D3 D4 D5 D6 D7 EXPLANATION 


1 1 #14 #14 =#4 = 4 = 4 + 1+ The data in memory plane 0, which is 
compared with bit 0 of the color com- 
pare register. In this example, the bit 
is set to 1. Note that every bit agrees. 


0 0 0 0 0 0 0 1. The data in memory plane 1, which is 
compared with bit 1 of the color com- 
pare register. In this example, the bit 
is set to 1. Note that only bit 7 agrees. 

1 14 #14 = #14 =#4 = 14 = 4 = © The data in memory plane 2, which is 


compared with bit 2 of the color com- 
pare register. In this example, the bit 
is set to 0. Note that only bit 7 agrees. 


0 0 0 0 0 0 0O 0 . The data in memory plane 3, which is 
compared with bit 3, of the color com- 
pare register. In this example, the bit 
is set to 0. Note that every bit agrees. 


0 0 0 0 0 0 0 1. The result of color compare action, 
which is placed on data bus. Bit 7 is 
set because the bits from all memory 
planes agree with the bits in the color 
compare register. The other bits are not 
set because in each instance a bit from 
at least one memory plane does not 
agree with a corresponding bit in the 
color compare register. 


Data Rotate Register (R3) — This register is used to perform a 
rotate function on the data written by the CPU and allows the data 
in the CPU latches to be logically operated upon by the data being 
written. The value in the rotate count field represents the number 
of bits the CPU data will be rotated during CPU write cycles. Refer 
to Table 17-42 for a description of each bit in this register. 
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Table 17-42. Graphics Register R3 


BIT DESCRIPTION 
0 Rotate Count 0. 
1 Rotate Count 1. 
2 Rotate Count 2. 


8and4 When both bits are 0, the data will not be affected. When bit 
3 is 1 and bit 4 is 0, a logical AND will be performed. When 
bit 3 is O and bit 4 is 1, a logical OR will be performed. When 
both bits are 1, a logical XOR will be performed. 


5and6 These two bits are not used. 


Read Map Select Register (R4) — The binary value in this register 
represents the memory plane number to be read by the CPU during 
a read operation. That is, if the binary value is 2, then memory 
plane 2 will be read. 


If you write any value over 3, only the first two bits will be considered. 
Therefore, if you write a 7 to this register, the value will be interpreted 
to be 3; 5 will become 1, and so on. 


NOTE: The value in this register does not affect the read operation 
performed through the color compare register (R2). 


Mode Register (R5) — The mode register determines the type of 
operation this card performs: write mode, test mode, odd/even 
mode, and shift register mode. Table 17-43 describes the bits that 
define each mode. 
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Table 17-43. Modes of Operation 


BITS 


SETTING DESCRIPTION 


0,1 


nN 


Write Mode. The following write operations work in 
conjunction with the function select options pro- 
grammed in the data rotate register(R3). 


Write mode 0: All four memory planes are written 
with the CPU data rotated by the count in the rotate 
register (R3). If the set-reset register is enabled 
(R1) for any of the four memory lanes, the corres- 
ponding planes are written with the data stored in 
the set-reset register (RO). 


Write mode 1: All four memory planes are written 
with data that has been previously loaded into the 
CPU latches. 


Write mode 2: Memory planes 0 through 3 are filled 
with the value represented by data bits 0 through 
3, respectively. 


This is an illegal write mode and nothing will hap- 
pen. 


Used in testing the IC. 
Normal operation. 


Test condition. The GRAPHICS, CHAIN, CDSELO, 
and CDSEL1 outputs will be placed into a three- 
state condition for testing the IC. ATRO through 
ATR3 are not placed in the three-state condition. 


Read Modes 


The read map select register (R4) specifies the 
memory plane to be read by the CPU. 


The contents of the color compare register (R2) is 
used to logically read the contents of the four mem- 
ory planes. See the discussion covering the color 
compare register for an example of this operation. 
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Table 17-43 (continued). Modes of Operation 


BITS 


4 


6,7 


SETTING DESCRIPTION 


Table 17-44. 


MSB 


MOD7 
M1D7 
M2D7 
M3D7 


MOD6 
M1D6 
M2D6 
M3D6 


Odd/Even addressing mode. 
Normal operation (sequential addressing). 


This selects the off/even addressing mode which 
is used when emulating the IBM Color Graphics 
Adapter modes. 


Shift register mode. Output is sent through ATRO 
(memory plane 0) through ATR3 (memory plane 3). 


Normal operation — See Table 17-44 for the for- 
mat. The data bits in memory planes 0 through 3 
are represented as MODO through MOD7, M1DO 
through M1D7, M2D0, through M2D7, and M3D0 
through M3D7, respectively. The first two registers 
are identified as the Graphics A shift register and 
the second two registers are the Graphics B shift 
register. 


Shift operation — See Table 17-45 for the format. 
Bits MOD7 through MODO, M1D7, through M1DO, 
M2D7 through M2D0, and M3D7 through M3D0 are 
shifted out with bit D7 first in all cases. The first 
two registers are identified as the Graphics A shift 
register and the second two registers are the 
Graphics B shift register. 


Not used. 


Shift Register Mode Output Format, Bit 5 is 0 
LSB OUTPUT 


MODS M0OD4 MOD3 MOD2 MOD1 MODO ATRO 
M1iDS M1D4 M1D3 M1D2 M1D1 M1D0 ATRI1 
M2D5 M2D4 M2D3 M2D2 M2D1 M2D0 ATR2 
M3D5 M3D4 MSD3 M3D2 M3D1 M8DO ATR3 
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Table 17-45. Shift Register Mode Output Format, Bit 5is 1 


MSB LSB OUTPUT 


M1DO M1D2 M1D4 M1D6 MODO MOD2 MO0D4 MOD6 ATRO 
M1D1 M1D3 M1D5 M1D7 MOD1 MOD3 MODS MOD7 ATR1 
M3D0 M3D2 M3D4 M3D6 M2D0 M2D2 M2D4 M2D6 ATR2 
M3D1 M3D3 M3D5 M3D7 M2D1 M2D3 M2D5 M2D7 ATR3 


Miscellaneous Register (RG) — The miscellaneous register pro- 
vides additional control for miscellaneous operations performed by 
the EGA chip set. Table 17-46 describes the operation and control 
provided by each bit. 


Table 17-46. Miscellaneous Register 


BITS SETTING DESCRIPTION 
0 Select the Graphics Mode. This bit is available on 
the GRAPHICS pin of the 82C431. 

1 The character generator latches, which are located 
outside the EGA chip set, are disabled, enabling 
the graphics mode. 

0 Normal text mode. 

1 Chain odd maps to even. This bit is available on 


the CHAIN pin of the 820431. The function is exter- 
nal to the 82C 431. 


1 Address bit 0 (AO) is replaced by a higher order 
address bit. If bit AO is 0, memory planes 0 and 
2 will be selected. If A1 is 1, memory planes 1 and 
3 will be selected. 


0 Normal operation. 
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Table 17-46 (continued). Miscellaneous Register 
BITS SETTING DESCRIPTION 
2and3 These two bits map the address memory buffers 


into CPU address space. Bits 2 and 3 are available 
on pins CDSELO and CDSEL1 of th 82C431. The 
mapping action is external to the EGA chip set. 


23 
0 0 Map 128K at AOOOH. When this mapping is used 

no other video card may be actively installed in the 
system. 

01 Map 64K at AOOOH. 

10 Map 32K at BOOOH. 

11 Map 32K at B800H. 

4-7 Not used. 


Color Don’t Care Register (R7) — The color don’t care register 
works in conjunction with the color compare register (R2). Bits 0 
through 3 correspond to memory planes 0 through 3. When any 
bit is set, the corresponding memory plane will be ignored (don't 
care) during the color compare operation. Refer to the description 
of R2 provided previously in this section. Bits 4 through 7 are not 
used in this register. 


Bit Mask Register (R8) — The bit mask register controls access 
to all four memory planes simultaneously. Bits 0 through 7 corres- 
pond to bits 0 through 7 in each memory plane at the address 
selected. 


If a bit is set to 0, the corresponding bit in each memory plane 
cannot be changed by the CPU. The data written to memory will 
be the same data that was read in the previous cycle, which is 
stored in an internal latch of the 82C431. 
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If a bit is set to 1, the corresponding bit in each memory plane 
can be manipulated by the CPU, including rotate, logical functions, 
set-reset, and no change. 


To preserve data for use by the bit mask register, perform a read 
operation of the memory address. This will set the 82C431’s internal 
latches. 

82C431 Pinout 

The 82C431 graphics controller is a 68-pin, very-large-scale inte- 
grated circuit. The pin definitions are described in Table 17-47 illus- 


trated in Figure 17-4. 


Table 17-47. 82C431 Graphics Controller Pin Functions 


PIN SIGNAL 

NUMBER NAME DEFINITION 

1 Vss Ground. 

2 M3D1 Memory plane 3, bit 1. Input/three-state out- 
put. Used to send data to and receive data 
from, the video memory. 

3 M3D0 Memory plane 3, bit 0. Input/three-state out- 
put. Used to send data to and receive data 
from, the video memory. 

4 AO Address line 0. Input from the CPU address 
bus. Used to select the internal registers of 
the 820431. 

5 Al Address line 1. Input from the CPU address 
bus. Used to select the internal registers of 
the 820431. 

6 A2 Address line 2. Input from the CPU address 
bus. Used to select the internal registers of 
the 820431. 


Table 17-47 (continued). 


PIN 
NUMBER 


7 


8,9 


11-16 


19 


20 


21 


22 


Vss 


DOTCLK 


sit 


CRTL 
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82C431 Graphics Controller Pin 
Functions 


DEFINITION 


Input/Output Write. Active low- input from the 
CPU. Used to load the internal registers of 
the 820431 


Memory plane 0, bits 7 and 6. Input/three- 
state output. Used to send data to and re- 
ceive data from, the video memory. 


Ground. 


Memory plane 0, bits 5 through 0. Input/three- 
state output. Used to send data to and re- 
ceive data from, the video memory. 


+ 5 VDC supply. 
Ground. 


Dot clock. Input used to shift data in shift reg- 
ister. 


Shift/Load. An input signal generated by the 
82C432. When low, the display memory data 
will be loaded into the shift register. When 
high, the data will be shifted in the shift regis- 
ter by one bit. 


CRT latch. Active low input from the 82C432. 
When active, the display data will be loaded 
into the 82C431 on the positive-going edge. 
Loaded data is transferred into the shift regis- 
ter when this signal is low. 


CPU latch. Active low input from the 820432. 
When active the video memory data will be 
read and loaded into the 820431. The loaded 
data is transferred onto the data bus on the 
positive-going edge of this signal and when 
the MRD signal is active. 
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Table 17-47 (continued). 82C431 Graphics Controller Pin 
Functions 


PIN SIGNAL 

NUMBER NAME DEFINITION 

ee 

23 CDSEL1 CD select 1. An output of the miscellaneous 
register (see “R6 — Miscellaneous Regis- 
ter”). Used with CDSELO to control the map- 
ping of the memory planes. 


a4 CDSELO CD select 0. An output of the miscellaneous 
register (see “R6 — Miscellaneous Regis- 
ter”). Used with CDSEL1 to control the map- 
ping of the memory planes. 


25 WE Write enable. An active low input from the 
CPU. Used to send display memory on the 
memory data buses. When high, the data 
buses are placed in the high impedance 
mode. 


26-29 MID7- Memory plane 1, bits 7 through 4. Input/three- 
MID4 state output. Used to send data to and re- 
ceive data from, the video memory. 


30 M1D2 Memory plane 1, bit 2. Input/three-state out- 
put. Used to send data to and receive data 
from, the video memory. 


31 ATR3 Attribute 3. Used to transfer the output of the 
memory planes to the attributes controller 
(820433). 


32 MID2 Memory plane 1, bit 2. Input/three-state out- 
put. Used to send data to and receive data 
from, the video memory. 

33 ATR2 Attribute 2. Used to transfer the output of the 
memory planes to the attributes controller 
(820433). 

34 Vdd + 5 VDC supply. 


35 Vss Ground. 


Table 17-47 (continued). 

PIN SIGNAL 

NUMBER NAME 

36 M1D1 

37 ATR1 

38 M1D0 

39 ATRO 

40 GRAPHICS 

41 CHAIN 

42-44 M2D7- 
M2D5 

45 Vss 

46-50 M2D4- 
M2D0 

51 Vdd 
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82C431 Graphics Controller Pin 
Functions 


DEFINITION 


Memory plane 1, bit 1. Input/three-state out- 
put. Used to send data to and receive data 
from, the video memory. 


Attribute 1. Used to transfer the output of the 
memory planes to the attributes controller 
(82C433). 


Memory plane 1, bit 0. Input/three-state out- 
put. Used to send data to and receive data 
from, the video memory. 


Attribute 0. Used to transfer the output of the 
memory planes to the attributes controller 
(820433). 


Graphics mode. An output of the miscellane- 
ous register (see “R6 — Miscellaneous Reg- 
ister"). Used with CHAIN to multiplex the ad- 
dress buses in the 820434. 


Chain odd maps to even. An output of the 
miscellaneous register (see “R6 — Miscel- 
laneous Register’). Used with GRAPHICS to 
multiplex the buses in the 82C434. 


Memory plane 2, bits 7 through 5. Input/three- 
state output. Used to send data to and re- 
ceive data from, the video memory. 

Ground. 

Memory plane 2, bits 4 through 0. Input/three- 
state M2D0 output. Used to send data to and 


receive data from, the video memory. 


+ 5 VDC supply. 
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Table 17-47 (continued). 82C431 Graphics Controller Pin 


Functions 

PIN SIGNAL 

NUMBER NAME DEFINITION 

52 Vss Ground. 

53-60 D7- CPU data bus, bits 7 through 0. A bidirec- 

DO tional, three-state signal. Used to load data 
into the 82C431 and to send data to and re- 
ceive data from, the video memory. 

61 MRD Memory read. An active low input from the 
CPU. Used to read video memory data in 
conjunction with the positive-going leading 
edge of the CPUL input. 

62-67 M3D7- Memory plane 3, bits 7 through 2. Input/three- 

M3D2 state output. Used to send data to and re- 
ceive data from, the video memory. 

68 Vdd + 5 VDC supply. 


61 
2 M4307 M207 “2 
Ga |M306 CHAIN 5 — 
—Ga|M505 GRAPHICS}59— 
—Fe|M304 TROP 
—57]M303 M1D0}55— 
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8 Yoo 820431 MIDI 2 
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5|42 MID3}55 
28 
27 


Figure 17-4. 82C431 Graphics Controller Pinout 
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82C432 Sequencer 


The 82C432 is the timing generator for the EGA chip set. It provides 
the memory timing signals, the character clock, and the dot clock. 
In addition, the sequencer allows the CPU to access video memory 
during active display intervals by inserting dedicated CPU memory 
cycles into the system, which provides different screen resolutions. 
A configurable plane mask register protects the entire memory from 
being altered. 


Table 17-48 summarizes the internal registers of the 82C432 sequ- 
encer. 


Table 17-48. 82C432 Sequencer Register Summary 


PORT REGISTER 

ADDRESS NUMBER REGISTER NAME 

304 _ Address register (00 — 04) 

3C5 RO 00 — reset register 

3C5 Ri 01 — clocking mode register 

3C5 R2 02 — plane mask register 

3C5 R3 03 — character map select register 
3C5 R4 04— memory mode register 


Address Register — The address register is used to point to the 
other registers in the 82C432 and route input and output to the 
indicated register through port 3C5H. The three least significant bits 
determine the register selected. Table 17-49 defines the address 
of each register. 


Table 17-49. Sequencer Addressing 


BIT BIT BIT 


2 1 0 VALUE REGISTER 

0 0 0 00 RO — reset register 

0 0 1 01 R1 — clocking mode register 

0 1 0 02 R2— plane mask register 

0 1 1 03 R3— character map select register 
4 0 0 04 R4— memory mode register 
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The partial program in Listing 7-2 illustrates a method that you may 
use to place a value (previously loaded into the CPU register BL) 
into the character map select register of the 82C432 sequencer. 
Loading data into other registers follows a similar pattern. 


Listing 17-2. 82C432 Programming Example 


sselect the register 
MOV DX, 3C4H sport address of the address register 


MOV AL, 03 ;select the register for the data 
OUT DX, AL ;send AL to port defined by DX 
ssend the data 
MOV DX, 3C5H sport address for internal register 
MOV AL, BL ;place value previously loaded in BL into AL 
OUT DX, AL send value to register 


Reset Register (RO) — The reset register controls the method of 
resetting the sequencer for timing purposes. 


If bit O is clear (set to 0), the sequencer will clear in an asynchronous 
manner and halt. This method can cause data to be lost in the 
video memory. While halted, all outputs will be placed in a high 
impedance state. If bit 1 is set (to 1), the sequencer will run unless 
a synchronous reset has been implemented by bit 1 of this register. 


If bit 1 is clear (set to 0), the sequencer will clear in a synchronous 
manner and halt. This method preserves video memory contents 
and should be used before changing the clocking mode register 
(R1). While halted, all outputs will be placed in a high impedance 
state. If bit 1 is set (to 1), the sequencer will run unless an asynchron- 
ous reset has been implemented by bit 0 of this register. 


Bits 2 through 7 are not used. Both bit 0 and 1 must be set for 
the sequencer to run. 
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Clocking Mode Register (R1) — This register controls the timing 
signals for the various video modes. Table 17-50 describes the ac- 
tion of each bit in the register. 


Table 17-50. Clocking Mode Register Functions 


BIT 


DESCRIPTION 


Oo 


= 


8- or 9-pixel dot clock selection. 

If bit O is clear (set to 0), the sequencer will generate character 
clocks that are 9 pixels wide. The only mode that uses this 
mode is the monochrome video mode 7, which results in a 
screen resolution of 720 x 350 pixels. If bit 0 is set (to 1), 
the sequencer will generate character clocks that are 8 pixels 
wide. This mode is used by all video modes except monoc- 
hrome video mode 7. 


Bandwidth selection. 

If bit 1 is clear, CRT memory cycles occur every 4 out of 5 
video memory cycles. All high-resolution modes of 640 or 720 
pixels must provide the CRT controller with this bandwidth, 
which is required to refresh to video image. If bit 1 is set, CRT 
memory cycles occur every 2 out of 5 video memory cycles. 
Medium resolution modes of 320 pixels do not require as much 
access to video memory as the higher-resolution modes. There- 
fore, the CPU can have more time to access video memory. 


Shift Load. 

If bit 2 is clear, the display shift registers in the 82C431 will 
be loaded every character clock. If bit 2 is set, the display shift 
registers in the 82C431 will be loaded every other character 
clock. This bit is set only when bit-mapped graphics are being 
displayed; 16-bits are fetched every memory cycle and chained 
together in the shift registers. 


Dot Clock. 

If bit 3 is clear, the dot clock follows the same frequency as 
the master clock input. If bit 3 is set, the dot clock is one-half 
the frequency of the master clock input. This is the setting used 
for 320 x 200-pixel resolution modes. 


Not used. 
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Plane Mask Register (R2) — This register is sometimes referred 
to as the map mask register. Refer to Figure 17-5. The maps corres- 
pond to the upper 8K of each of the four 16K banks in memory 
plane 2. Bits 0 through 3 correspond to memory banks 0 through 
3 of memory plane 2. These bits disable the corresponding RASO 
through RASS signals during CPU write operations. Therefore, if 
this register is loaded with OFH, the CPU can perform a 32-bit write 
operation in one memory cycle, substantially reducing the over-head 
required during a display update cycle in the graphics modes. 


PLANE 0 PLANE 1 PLANE 2 PLANE 3 


64Kx4|64Kx4 G4Kx4|64Kx4 64Kx4164Kx4 6 4Kx4 |64Kx4 
DEVICE [DEVICE | | | 


M=MEMORY MAPS IN PLANE 2. EACH MAP CORRESPONDS TO 8 KBYTES 
OF MEMORY. 

BANKS 0,1,2,3 CORRESPOND TO 16 KBYTES OF MEMORY SEGMENTS 

IN EACH OF THE FOUR PLANES. 


IN THE ALPHONUMERIC MODE: PLANE 0 HAS ADDRESS DATA 
PLANE 1 HAS ATTRIBUTE DATA 
PLANE 2 HAS PIXEL (CHARACTER) DATA 
PLANE 3 NOT USED 


Figure 17-5. Video Memory Configuration 


When an odd/even mode is selected by clearing bit 2 of the memory 
mode register in the 820431, planes 0 and 1 and planes 2 and 
3 will have the same plane mask value. 


Bits 4 through 7 are not used. 
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Character Map Select Register (R3) — The character map select 
register only affects the B-address bus signals BCAS, BAV14, and 
BAV15. Bits 0 and 1 select the map used to generate alphanumeric 
characters when attribute bit 3 is clear (0). Refer to Table 17-51. 
Bits 2 and 3 select the map used to generate alphanumeric charac- 
ters when attribute bit 3 is set (1). Refer to Table 17-52. 


In alphanumeric modes, bit 3 of the attribute byte normally turns 
the foreground intensity on or off. The bit may be redefined as a 
switch between character sets. This function is enabled whenever 
there is a difference between the values of the character map select 
A and the character map select B bits. if the values are equal, the 
character select function is disabled. 


If bit 1 of the memory mode register (R4) is clear, there is 256K 
of video memory and this function can be enabled. Four character 
sets are supported. 


If bit 1 is set, then the video card has only 64K of video memory 
and bank 0 is always selected. 


The asynchronous reset operation clears the character map select 
register (resets it to 0). To avoid altering the contents of memory, 
the asynchronous reset operation should be used only during a sys- 
tem reset. 


Table 17-51. Character Map Select A (Bits 0 and 1) 


BIT BIT 

1 0 MAP LOCATION 

0 0 0 First 8K of plane 2, bank 0 
0 1 1 First 8K of plane 2, bank 1 
1 0 2 First 8K of plane 2, bank 2 
1 1 3 First 8K of plane 2, bank 3 
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Table 17-52. Character Map Select B (Bits 2 and 3) 


BIT BIT 

1 0 MAP LOCATION 

0 0 (¢) First 8K of plane 2, bank 0 
0 1 1 First 8K of plane 2, bank 1 
1 0 2 First 8K of plane 2, bank 2 
1 1 3 First 8K of plane 2, bank 3 


Memory Mode Register (R4) — The memory mode register con- 
tents and actions are described in Table 17-53. 


Table 17-53. Memory Mode Register 


BIT DESCRIPTION 


oO 


Alphanumeric mode. 

When this bit is clear, a non-alphanumeric mode is active. 
BAV14 = AAV14 and BAV15 = AAV15. When this bit is set, 
the alphanumeric mode is active and the character map select 
register (R3) is enabled. 


= 


Extended memory. 

When this bit is clear, video memory consists of 1 bank of 16 
kilobit by 4 devices, providing a total of 64K of video memory. 
Address bits AAV14, AAV15, BAV14, and BAV15 are disabled. 
When this bit is set, video memory consists of 1 bank of 64 
kilobit by 4 devices, providing a total of 256K or video memory. 
The high order address bits AAV14, AAV15, BAV14, and 
BAV15 are enabled. 


np 


Odd/Even. 

When this bit is clear, even CPU addresses are sent to maps 
0 and 2 (RASO and RAS2 are enabled). Odd CPU addresses 
are sent to maps 1 and 3 (RAS1 and RAS3 are enabled). When 
this bit is set, CPU addresses are sent sequentially to the bit 
maps (all RAS signals are enabled). 


3-7 Not used. 
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82C432 Pinout 
The 82C432 sequencer is a 40-pin, large-scale integrated circuit. 


The pin definitions are described in Table 17-54 and illustrated in 
Figure 17-6. 


Table 17-54. 82C432 Sequencer Pin Functions 


PIN SIGNAL 

NUMBER NAME DEFINITION 

1 Vss Ground. 

2 CLKIN Clock input. Input signal from the system that 
establishes all other timing signals. Referred 
to as the master clock signal. 

3 CRA15 CRT address bit 15. Input from the 820434 
used as a high order address bit for the CRT 
display read operation. 

4 CRA14 CRT address bit 14. Input from the 820434 
used as a high order address bit for the CRT 
display read operation. 

5 CPA15 CPU address bit 15. Input from the decoded 
CPU address bus signals A13 — A19. Used 
for CPU read/write operations. During mem- 
ory read and write cycles, AAV15 = BAV15 

= CPA15. 

6 CPA14 CPU address bit 14. Input from the CPU used 
for CPU read/write operations. During mem- 
ory read and write cycles, AAV14 = BAV14 
= CPA14. 

7 ACAS Column access strobe A. Active low signal. 
Output strobe signal for memory position A. 

8 AAV15 Video address 15 A. Used as the high order 


bit for memory map A. During memory read 
and write AAV15 = BAV15 = CPA15. 
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Table 17-54 (continued). 82C432 Sequencer Pin Functions 
eee 


PIN SIGNAL 

NUMBER NAME DEFINITION 

9 AAV14 Video address 14 A. Used as a high order 
bit for memory map A. During memory read 
and write AAV14 = BAV14 = CPA14. 

10 BCAS Column access strobe B. Active low signal. 
Output strobe signal for memory position B. 

1 BAV15 Video address 15 B. Used as the high order 
bit for memory map B. During memory read 
and write AAV15 = BAV15 = CPA15. 

12 BAV14 Video address 14 B. Used as a high order 
bit for memory map B. During memory read 
and write AAV14 = BAV14 = CPA14. 

13 CRTL CRT latch. This active low output is used to 
latch the memory data into the 82C431 and 
the 82C433 for CRT display read cycles. 

14 CPUL CPU latch. 

15 {OW Input/output write. This active low input signal 

: from the system bus is used to load the vari- 
ous registers in the 82C432. 

16 WE Write enable. This active low output allows 
the CPU to write to video memory. 

17 SYNC Sync. This input from the 82C434 is used to 
disable the AS/L signal during non-active dis- 
play periods. 

18 MUX Multiplexer. This output is used to multiplex 
the RAS and CAS signals. 

19 DOTCLK Dot Clock. This output clock is used by the 
82C431 and 82C433. 

20 Vss Ground. 
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Table 17-54 (continued). 


82C432 Sequencer Pin Functions 


i LEE 


PIN 
NUMBER 


SIGNAL 
NAME 


DEFINITION 


a i 


21 


22 


23 


24 


25 


26 


27 


28 


29 


30 


RASO 


RAS1 


RAS2 


RAS3 


CRT/CPU 


| 


D 
| 
x 


Row access strobe plane 0. This active low 
signal is used to access memory plane 0. 


Row access strobe plane 1. This active low 
signal is used to access memory plane 1. 


Row access strobe plane 2. This active low 
signal is used to access memory plane 2. 


Row access strobe plane 3. This active low 
signal is used to access memory plane 3. 


CRT/CPU control signal. This output is used 
by the 82C434 CRT controller to enable 
either the CRT read address or the CPU read/ 
write address. 


Character clock. Output clock signal used by 
the 820434. 


Attribute shift/load. Output signal used to load 
alphanumeric video memory into the 820433. 


Shift/Load. This output is used to load video 
memory graphics data into the 82C431. 


Clock ready. This output is similar to the RDY 
output. The difference between the two sig- 
nals is the way they go inactive (high). RDY 
goes inactive and stays inactive (high). CRDY 
goes inactive, but stays high for one dot 
period and then goes into a high-impedance 
state. 


Ready. This active low output is used to indi- 
cate that the video memory read or write op- 
eration is completed. 
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Table 17-54 (continued). 82C432 Sequencer Pin functions 


ee 

PIN SIGNAL 

NUMBER NAME DEFINITION 

a 

31 MEMOPT Memory option. The input control signal is 
used to select 256 K video memory option 
when low or 64K video memory option when 
high. 


32-35 DO-D3 Data bits 0 through 3. Used to load the sequ- 
encer register. 


36 AO Address 0. Input signal from CPU address 
bus. Used to select between the address reg- 
ister and the register pointed to by the ad- 
dress register. It is also used to write into 
even/odd memory planes. 


37 CG Character generator. Input from video mem- 
ory (attribute bit 3) used to select between 
character map A and character map B. 


38 MEMW Memory write. This active low input from the 
system is used to write data into the video 
memory. 


39 MEMR Memory read. This active low input from the 
system is used to read data from video mem- 
ory. 


40 Vdd + 5 VDC supply. 
eg 
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Figure 17-6. 82C432 Sequencer Pinout 


82C433 Attributes Controller 


The 82C433 is the attributes controller of the EGA chip set. It pro- 
vides a palette of 16 colors that may be specified from any of 64 
possible colors. This chip also controls the blinking and underline 
functions. It takes data from the video memory and formats it for 
display on the screen. And it provides horizontal pixel panning capa- 
bility to the bit-mapped and alphanumeric modes. 


The EGA chip set supports six video output signals supplied by 
the 82C433: red, green, and blue are identical to other RGB video 
signals; while secondary red, secondary green/itensity, and second- 
ary blue/monochrome are unique to the EGA design. The mono- 
chrome signal is identical to the composite monochrome signal of 
Z-100 PC color video cards, but shares its output pin with the sec- 
ondary blue signal. The mode of operation determines which signal 
these two output pins carry. Dual frequency enhanced graphics 
monitors are capable of decoding the signals and correctly display- 
ing the information. 
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Besides the six color video signals, a four-bit status port provides 
signals to the rest of the system. Table 17-55 describes the output 
of the status port. 


Table 17-55. 82C433 Status Port 
SSS 


BIT DESCRIPTION 
SSS 
0 DE — Display enable. This active low output is the inverted 


display enable output from the 82C434 CRT controller. 


1and2 Not used. 


3 VRTC — Vertical retrace. This reflects the vertical retrace out- 
put of the 82C434 CRT controller. 


4and5 These are two of the six color outputs of the palette registers. 
See “RO — RF — Palette Registers.” 


6 and7 Not used. 
SSS 


Table 17-56 summarizes the twenty internal registers in the 82C433 
Attributes controller. 


Table 17-56. 82C433 Register Summary 

ee ni eee A ae RR ee 
PORT REGISTER 

ADDRESS NUMBER REGISTER NAME 
ns ee 


3C0 _ Address register (00H — 13H) 

300 RO -RF 00H — OFH — palette registers 1-16 
300 R10 10H — mode control register 

300 R11 11H —overscan color register 

3C0 R12 12H — color plane enable register 

300 R13 13H — horizontal pixel panning register 
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Address Register — The address register in the 82C433 functions 
Slightly differently than the address registers in the other chips of 
the EGA chip set. Bits 0 through 4 of the address register are used 
to point to the other registers and route input and output to the 
indicated register through port 3COH. The five least significant bits 
determine the register selected. Table 17-57 defines the address 
of each register. 


Bit 5 is the read/write select flag for the palette registers. If this 
bit is set, the color palette registers may be accessed for CRT opera- 
tion. If this bit is clear, the registers may be loaded with data. 


Table 17-57. Attributes Controller Addressing 


BIT BIT BIT BIT BIT 
4 3 2 1 0 VALUE REGISTER 


00 RO — palette register 1 

01 Ri — palette register 2 

02 R2— palette register 3 

03 R3— palette register 4 

04 R4— palette register 5 

05 R5 — palette register 6 

06 R6 — palette register 7 

07 R7 — palette register 8 

08 R8 — palette register 9 

09 R9 — palette register 10 

RA— palette register 11 

0B RB — palette register 12 

oc RC — palette register 13 

oD RD — palette register 14 

OE RE — palette register 15 

OF RF — palette register 16 

10 R10 — mode control register 

an R11 — overscan color register 

12 R12— color plane enable register 
13 R13 — horizontal pixel panning register 


mMmuanunmcooo0ccn0c0c0eO0CCCO0C0 

cooosaseaaea ase oOoCCoCoOoOoOOo 

coooaa-4=0000=-++=+0000 

m~snwooA3=002;002+-002++00 

=~o-oAocoA0-020+070+0+0 
4 
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Loading a register is also different than the other chips of the EGA 
chip set. An internal flip-flop in the chip selects the address or data 
registers accessed through port 3COH. To force the flip-flop to select 
the address register, send an IN command to the port. Then use 
an OUT command to place the register number in the address regis- 
ter. This action also toggles the flip-flop so that the next OUT com- 
mand will access the selected data register. The partial program 
in Listing 17-3 illustrates this method to place a value (previously 
loaded into the CPU register BL) into the fourth palette register (R3) 
of the 82C433 attributes controller. Loading data into the other regis- 
ters follows a similar pattern. 


Listing 17-3. 82C433 Programming Example 


— Kh eS 


;select the register 
MOV DX, 3COH sport address of attributes controller 
IN DX, AL stoggle flip-flop to select address register 
MOV AL, 03 ;select the register for the data 
OUT DX, AL ;send AL to port defined by DX 

;send the data 
MOV AL, BL splace value previously loaded in BL into AL 
OUT DX, AL ;send value to register 


Palette Registers (RO — RF) — The sixteen palette registers allow 
a dynamic mapping between the text attribute or graphic color input 
and the display color on the CRT screen. The function of the sixteen 
registers is identical, in that it allows the user to specify any one 
of 64 possible colors. Since each register may contain any 6 bit 
code, it is possible to display any 16-color combination on the 
screen. Table 17-58 describes the output from each bit in the palette 
registers. 


The color palette registers should be loaded only during vertical 
retrace time to avoid producing glitches on the screen. An interrupt 
is generated by the CRT controller (CRTINT) to indicate the end 
of the vertical display enable signal. 
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Table 17-58. Palette and Overscan Registers Video Output 


BIT COLOR OUTPUT 


a 
0 Blue 

1 Green 

2 Red 

3 Secondary blue or composite monochrome 

4 Secondary green or intensity 

5 Secondary red 
6and7 Not used 


Mode Control Register (R10) — The mode control register pro- 
vides control of certain attributes in specific modes. The attributes 
and modes are defined in Table 17-59. 


Table 17-59. Mode Control Register Functions 


BIT DESCRIPTION 

Ne 

0 This bit selects between the graphics and alphanumeric mode. 
If the bit is clear, the alphanumeric mode is selected. If the 
bit is set, the graphics mode is elected. 


1 This bit selects between color and monochrome display attri- 
butes. If the bit is clear, the color display attributes are selected. 
If the bit is set, the monochrome attributes are selected. 


2 This bit provides compatibility with monochrome card output 
in video mode 7. If this bit is clear, the ninth pixel in a scan 
line will display the background color. If this bit is set, the special 
line graphics character codes for the monochrome card are en- 
abled. The line graphics characters are codes COH through 
DFH. The CRT controller generates the line graphics signal, 
LG, whenever one of these codes is to be displayed. The 
82C433 monitors LG whenever bit 2 is set, and when it detects 
the LG signal to be asserted, it forces the ninth pixel of line 
graphics character scan line to be identical to the eight pixel 
of that same scan line. 
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Table 17-59 (continued). Mode Control Register Functions 
ees I SN ne I Ne 


BIT DESCRIPTION 
a CS 
3 This bit enables the blink attribute or selects the background 


intensity. If this bit is clear, the background intensity is selected 
for monochrome card and Z-100 PC color video card compatibil- 
ity. If this bit is set, the blink attribute is enabled in alphanumeric 
and graphics modes. The blink counter operates by dividing 
the VRTC input by 32. In the alphanumeric modes, blink is 
usually used in monochrome display modes only where the 
blink allows the selected character to be displayed for 16 frames 
and then inverted for 16 frames, allowing two different colors 
to be displayed. The character at the cursor is blinked at the 
same rate, but the cursor itself is blinked at the rate of 8 frames 
on and 8 frames off. 


4-7 Not used. 
a 


Overscan Color Register (R11) — Bits 0 through 5 of the overscan 
color register define the border color (overscan color) to be displayed 
on the screen. The border color is displayed when both BLANK 
and DE are inactive. The 6 bits are defined in the previous table, 
17-58. Bits 6 and 7 are not used. 


Color Plane Enable Register (R12) — The color plane enable reg- 
ister controls the enabling of the memory planes and selects two 
of the six colors to run special diagnostics. 


Bits 0 through 3, when set, enable the corresponding memory plane 
0 through 3. 


Bits 4 and 5 select two of the six color outputs as described Table 
17-60. These two bits are reflected in bits 2 and 3 of the status 
register. Also, when bit 4 is set, the color monitor outputs, R, G, 
B, RS, GS/I, and BS/V will be placed in a high-impedance state 
and the cursor blink counter will be cleared. Bit 4 must be cleared 
(set to 0) before the blink counter will continue counting. 
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Table 17-60. Color Plane Enable Register Bits 4 and 5 


—_——  OeSSSSSSSSSSSSSSSSSSSSSSSSSsSS 


BIT BIT 

5 4 DESCRIPTION 

a 

0 0 Bit 4 carries the blue output. Bit 5 carries the red 
output. 

0 1 Bit 4 carries the green output. Bit 5 carries the sec- 
ondary blue output. 

1 0 Bit 4 carries the secondary red output. 

1 1 Bits 4 and 5 are not used. 


—— eee 


Horizontal Pixel Panning Register (R13) — The horizontal pixel 
panning register shifts the display area horizontally to the left. Pan- 
ning is available in both the alphanumeric and bit-mapped modes. 


The number of pixels the display area is panned is determined by 
the value of bits 0 through 3 of this register. The maximum number 
of pixels is one character width (9 pixels for monochrome mode 
7 and 8 pixels for all others). 


Although the start address register of CRT controller specifies the 
address in video memory of the upper left-hand corner of the screen, 
pixel panning makes it possible to move the display a fraction of 
a character width to the left. Bits 4 through 7 are not used. 


82C433 Pinout 


The 82C433 attributes controller is a 40-pin, large-scale integrated 
circuit. The pin definitions are described in Table 17-61 and illustra- 
ted in Figure 17-7. 
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Table 17-61. 82C433 Attributes Controller Pin Functions 


EE 


PIN SIGNAL 
NUMBER NAME DEFINITION 


I 


1 ipo) Data bit 0. This bidirectional path provides the 
display enable (DE) status output signal and 
a data bus input signal. 


2 Di Data bit 1. This is a data bus input signal. 
3 D2 Data bit 2. This is a data bus input signal. 


4 D3 Data bit 3. This bidirectional path provides the 
vertical retrace (VRTC) output signal and 
data bus input signal. 


5 D4 Data bit 4. This bidirectional path provides the 
color palette bit 0 output signal and data bus 
input signal. 


6 DS Data bit 5. This bidirectional path provides the 
color palette bit 1 output signal and data bus 
input signal. 


7 CRTL CRT latch. This active low input from the 
82C432 is used to load video memory data 
into the 82C433. 


8 SIL Shift/load. This input signal is generated by 
the 82C432 as ASIL. It is used to load video 
memory data into the 82C43. 


© 
fe) 
D 


Input/Output read. This active low input signal 
has the dual purpose of reading the status, 
as well as clearing the address/data flip-flop. 


10 


fe) 
= 


Input/output write. This active low input signal 
loads either the address register, one of the 
16 color palette registers, or one of the 4 con- 
trol registers. 


an ATR7 Attribute 7. This high order attribute bit input 
signal comes from memory plane 1. 


Table 17-61 (continued). 
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82C433 Attributes Controller Pin 
Functions 


PIN 
NUMBER 


12 


13 


14 


15 


16 


17 


18 


20 


SIGNAL 


NAME 


ATR6 


ATR5S 


ATR4 


ATR3 


ATR2 


ATRI1 


ATRO 


DOTCLK 


Vss 


DEFINITION 


Attribute 6. This high order attribute bit input 
signal comes from memory plane 1. 


Attribute 5. This high order attribute bit input 
signal comes from memory plane 1. 


Attribute 4. This high order attribute bit input 
signal comes from memory plane 1. 


Attribute 3. This low order attribute bit input 
signal from 82C431 could be either graphics 
data generated by the 82C431 or al- 
phanumeric data multiplexed by the 82C431 
along with graphics data. 


Attribute 2. This low order attribute bit input 
signal from 82C431 could be either graphics 
data generated by the 82C431 or al- 
phanumeric data multiplexed by the 82C431 
along with graphics data. 


Attribute 1. This low order attribute bit input- 
signal from 82C431 could be either graphics 
data generated by the 82C431 or al- 
phanumeric data multiplexed by the 82C431 
along with graphics data. 


Attribute 0. This low order attribute bit input 
signal from 82C431 could be either graphics 
data generated by the 82C431 or al- 
phanumeric data multiplexed by the 82C431 
along with graphics data. 


Dot Clock. This input signal comes from the 
820432. 


Ground. 
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Table 17-61 (continued). 


82C433 Attributes Controller Pin 
Functions 


PIN SIGNAL 

NUMBER NAME DEFINITION 

21 R Red. This is the red output signal that drives 
the attached monitor. 

22 G Green. This is the green output signal that 
drives the attached monitor. 

23 B Blue. This is the blue output signal that drives 
the attached monitor. 

24 RS Secondary Red. This is the secondary red 
output signal that drives the attached monitor. 

25 GS/I Secondary green/intensity. This is the sec- 
ondary green/intensity output signal that 
drives the attached monitor. 

26 BS/V Secondary blue/monochrome video. This is 
the secondary blue/monochrome output sig- 
nal that drives the attached monitor. 

27 BLANK Blank. This input from the 82C434 CRT con- 
troller is low during the time the monitor is 
displaying data. 

28 VRTC Vertical retrace. This input from the 82C434 
is low during the time the monitor is displaying 
data. 

29 DE Display enable. This input from the 82C434 


is used for enabling the display area on the 
screen. When both DE and BLANK are inac- 
tive, the boarder area is being displayed. It 
is output through DO as a status bit. 
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Table 17-61 (continued). 82C433 Attributes Controller Pin 
Functions 


PIN SIGNAL 
NUMBER NAME DEFINITION 


30 CURSOR Cursor. This signal from the 82C434 provides 
two functions: 1. During DE active time, it indi- 
cates a valid cursor position. 2. If CURSOR 
is active during the high-to-low edge of 
BLANK, it indicates that the contents of the 
CRT controller underline location register 
(R14) are equal to the line count (that is, 
equal to the contents of the raster counter). 


31 tG Line graphics. This active low input from the 
82C434 is a logical NAND of MOD5, MOD6, 
and MOD7 (bits 5, 6, and 7 of memory plane 
0). 


32 cco Condition code 0. This input, along with the 
other condition codes, is loaded into a paral- 
lel-to-serial shift register. A low output from 
this register enables the low-order attribute 
bits (ATRO-ATR3), and a high output enables 
the high-order attribute bits (ATR4-ATR7), for 
color palette addressing. 


33 CC1 Condition code 1. This input, along with the 
other condition codes, is loaded into a paral- 
lel-to-serial shift register. A low output from 
this register enables the low-order attribute 
bits (ATRO-ATR3), and a high output enables 
the high-order attribute bits (ATR4-ATR7), for 
color palette addressing. 


34 Ccc2 Condition code 2. This input, along with the 
other condition codes, is loaded into a paral- 
lel-to-serial shift register. A low output from 
this register enables the low-order attribute 
bits (ATRO-ATR3), and a high output enables 
the high-order attribute bits (ATR4-ATR7), for 
color palette addressing. 
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Table 17-61 (continued). 82C433 Attributes Controller Pin 
Functions 


PIN SIGNAL 
NUMBER NAME DEFINITION 


a 


35 CC3 Condition code 3. This input, along with the 
other condition codes, is loaded into a paral- 
lel-to-serial shift register. A low output from 
this register enables the low-order attribute 
bits (ATRO-ATR3), and a high output enables 
the high-order attribute bits (ATR4-ATR7), for 
color palette addressing. 


36 cc4 Condition code 4. This input, along with the 
other condition codes, is loaded into a paral- 
lel-to-serial shift register. A low output from 
this register enables the low-order attribute 
bits ATRO-ATR3), and a high output enables 
the high-order attribute bits (ATR4-ATR7), for 
color palette addressing. 


37 CCc5 Condition code 5. This input, along with the 
other condition codes, is loaded into a paral- 
lel-to-serial shift register. A low output from 
this register enables the low-order attribute 
bits (ATRO-ATR3), and a high output enables 
the high-order attribute bits (ATR4-ATR7), for 
color palette addressing. 


38 CC6 Condition code 6. This input, along with the 
other condition codes, is loaded into parallel- 
to-serial shift register. A low output from this 
register enables the low-order attribute bits 
(ATRO-ATR3), and a high output enables the 
high-order attribute bits (ATR4-ATR7), for 
color palette addressing. 


39 CC7 Condition code 7. This input, along with the 
other condition codes, is loaded into a paral- 
lel-to-serial shift register. A low output from 
this register enables the low-order attribute 
bits ATRO-ATR3), and a high output enables 
the high-order attribute bits (ATR4-ATR7), for 
color palette addressing. 


40 Vdd + 5 VDC supply 


eT eee EE aaa CR 
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Figure 17-7. 82C433 Attributes Controller Pinout 


82C434 CRT Controller 


The CRT controller provides all timing and control signals for the 
video display. Figure 17-8 illustrates how the contents of the CRT 
controller's registers control the screen. The horizontal blanking sig- 
nal is controlled by the contents of R2 and R3. The contents of 
R15 and R16 determine the location and length of the vertical blank- 
ing signal, BLANK, which is the result of ORing the HBLANK and 
VBLANK signals. The horizontal sync start location and width are 
controlled by the contents of R4 and R5, while the vertical sync 
start location and width are controlled by R10 and R11. RO controls 
the total number of characters in the horizontal scan interval, includ- 
ing retrace time. The total number of scan lines on one page are 
determined by the vertical total register R6. R1 and R12 define the 
effective display area by specifying the horizontal and vertical dis- 
play enable positions. 
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The CRT controller is also capable of split screen operation as illus- 
trated in the Figure. The two screens, identified in the illustration 
as screen 1 and screen 2, are created by setting the memory ad- 
dress register RC and RD and the line compare register R18. RC 
and RD specify the memory address of the first pixel displayed on 
the screen. By using the line compare register R18, the internal 
start of the scan line counter is cleared when the vertical counter 
reaches the value equal to the contents of R18. This causes screen 
2 to start at address location OOOOH in video memory. Thus, normal 
scrolling activity is limited to screen 1, leaving screen 2 alone. 


Finally, the CRT controller generates an interrupt at the end of a 
vertical display, which is controlled by the vertical display end regis- 
ter. The interrupt is used by the CPU to update the EGA card during 
the vertical blanking interval. 


oH“ NYXTNMO 
eerereroee 


START LOCATION REGISTERS (RC-RD) 


V-BLANK 
V-SYNC 


(R18) 
ADDRESS 00 chara 
he _DISPLAY 


LINE COMPARE AREA 
FOR SPLIT 
SCREEN SCREEN 2 


DISPLAY TIME 


Te ne ee aS oe 
wie ce a SI 
oe pe ee el 


RO: HORIZONTAL TOTAL 

Ri: HORIZONTAL DISPLAY END 
R2: START HORIZONTAL BLANK 
R3: END HORIZONTAL BLANK 
R4: START HORIZONTAL _RETRACE 
R5: END HORIZONTAL RETRACE 
R6: VERTICAL TOTAL 

RC: START ADDRESS HIGH 

RD: START ADDRESS LOW 

R10: VERTICAL RETRACE START 
R11: VERTICAL RETRACE END 
R12: VERTICAL DISPLAY END 
R15; START VERTICAL BLANK 
R16: END VERTICAL BLANK 

R18: LINE COMPARE 


Figure 17-8. Display Timing 
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The CRT controller is capable of “soft scrolling.” Refer to Figure 
17-9. As previously described, RC and RD define the video memory 
address of the first pixel that is displayed on the screen. In the 
alphanumeric mode, this is the memory address of the first character 
in the first row. The present scan register R8 defines the starting 
scan row on the screen where the information is actually started. 
During the vertical retrace period, the starting address is latched 
by the CRT controller and R8 is loaded into the scan row counter. 
Updating the starting address registers and R8, creates a smooth 
vertical scrolling effect. 


For graphics modes, R8 should be set to 0. Smooth vertical scrolling 
can be controlled by updating the starting address registers only. 
The figure also illustrates how subsequent addresses are computed 
for a given scan line. 


START ADDRESS LOCATION (RC+RD) 


RA=R8 | #—————<—-PRESET SCAN ROW (RC+RD) 


o———_—- «—- MAXIMUM SCAN LINE 
. “S— SCAN ROW = 0 FOR NEXT SCAN LINE 


RA=R9 | #————_ 
oo 
a 


en 


MA, MAn—-1 +2xR13 


RA=SCAN LINE ADDRESS 

R8=PRESET ROW SCAN 

R9=MAXIMUM SCAN LINE 

R13=OFFSET 

MAn=MEMORY ADDRESS FOR n»lH CHARACTER ROW 


Figure 17-9. Soft Scrolling 
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The character location, positioning on the character block, and 
height of the cursor is programmable through registers RA, RB, RE, 
and RF. Figure 17- 10 illustrates how the cursor height is controlled 
by setting the horizontal scan line equal to the contents of RA and 
RB. 


The underline register R14 controls the underline position in the 
character box. Set the value of R14 to be one less than the scan 
line counter for the desired row. 


CURSOR 


RA=R(OA) 


RA=R(0B) 


R(OA)=CURSOR START REGISTER UNDERLINE 
R(OB)=CURSOR END REGISTER 
RA =SCAN LINE COUNTER 


Figure 17-10. Cursor Control 


The CRT controller provides the proper drive signals for a raster- 
scan display device. The 26 internal registers of the 82C434 can 
be software programmed to define display and control parameters. 
One of these registers, the address register, is used only as a pointer 
to the addresses of the other 25 registers. Table 17-62 summarizes 
the function of the CRT controller registers. 
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Table 17-62. 82C434 CRT Controller Register Summary 


PORT REGISTER 

ADDRESS NUMBER REGISTER NAME 

324 _ Address register (00-18) 

325 RO Horizontal total register 

325 R11 Horizontal display enable end register 
375 R2 Start horizontal blanking register 
325 R3 End horizontal blanking register 
375 R4 Start horizontal retrace register 
375 RS End horizontal retrace register 
375 R6 Vertical total register 

375 R7 Overflow register 

375 R8 Preset row scan register 

375 RQ Maximum scan line register 

325 RA Cursor start register 

325 RB Cursor end register 

325 RC High start address register 

375 RD Low start address register 

375 RE High cursor location register 
375 RF Low cursor location register 

375 R10 Vertical retrace start register 
375 R11 Vertical retrace end register 
325 R10 High light pen register 

325 R11 Low light pen register 

325 R12 Vertical display enable end register 
325 R13 Offset register 

325 R14 Underline location register 

375 R15 Start vertical blanking register 
3275 R16 End vertical blanking register 
325 R17 Mode control register 

375 R18 Line compare register 

375 _ Mode register (see Table 17-66) 


NOTE: The ? in the port address is B in monochrome modes and D in 
color modes. 
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Address Register — The address register is used to point to the 
other registers in the 82C434 and route input and output to the 
indicated register through port 3B5 in the monochrome modes or 
3D5 in the color modes. The five least significant bits determine 


the register selected. Table 17-63 defines the address of each regis- 
ter. 


Table 17-63. CRT Controller Addressing 


BIT BIT BIT BIT BIT 
4 3 2 1 0 VALUE REGISTER 


0 0 0 0 0 00 RO — horizontal total register 
0 0 0 ¢) 1 01 R1 — horizontal display enable end 
register 


0 0 0 1 (¢) 02 R2— start horizontal blanking regis- 
ter 


0 0 0 1 1 03 R3 — end horizontal blanking regis- 


ter 
0 0 1 0 0 04 R4 — start horizontal retrace regis- 
ter 
0 0 1 0 1 05 R5— end horizontal retrace register 
0 0 1 1 0 06 R6 — vertical total register 
0 0 1 1 1 07 R7 — overflow register 
0 1 0 0 0 08 R8 — preset row scan register 
0 1 0 0 1 09 R9— maximum scan line register 


0 1 0 1 0 OA RA—start cursor register 
0 1 0 1 1 OB RB— end cursor register 
0 1 1 0 0 oc RC — high start address register 


0 1 1 0 1 oD RD — low start address register 
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Table 17-63 (continued). CRT Controller Addressing 


BIT BIT BIT BIT BIT 
4 3 2 1 0 VALUE REGISTER 


0 1 1 1 0 OE RE — high cursor location register 


oO 
at 
= 
ar 
a 
g 


RF — low cursor location register 


= 
°o 
°o 
°o 
fo) 
= 
fo) 


R10 — start vertical retrace/high 
light pen register 


= 
oO 
fo) 
oO 
= 
= 


R11 — End vertical retrace/low light 
pen register 


= 
o 
oO 
* 
fo) 
= 
i) 


R12 — vertical display end register 


1 0 0 1 1 13 R13— offset register 


1 0 1 0 0 14 R14— underline location register 
1 (0) 1 0 1 15 R15 — start vertical blank register 
1 0 1 1 0 16 R16 — end vertical blank register 

1 0 1 1 1 17 R17 — mode control register 

1 1 0 0 0 18 R18 — line compare register 


The partial program in Listing 17-4 illustrates a method that you may use 
to place a value (previously loaded into the CPU register BL) into the hori- 
zontal total register of the 82C434 CRT controller. With the exception of 
the mode register, loading data into other registers follows a similar pattern. 


Listing 17-4. 82C434 Programming Example 


sselect the register 
MOV DX, 3D4H sport address of the address register 


MOV AL, 0 sselect the register for the data 
OUT DX, AL ;send AL to port defined by DX 
send the data 
MOV DX, 3D5H sport address for internat register 
MOV AL, BL ;place value previously loaded in BL into AL 
OUT DX, AL send value to register 
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Horizontal Total Register (RO) — The value in the horizontal total 
register defines the total number of characters in a horizontal scan 
line, including retrace time. The value in the register is equal to 
the total number of characters less 2. All horizontal and vertical 
time periods are based upon the contents of this register. RO, when 
combined with the value in the retrace timing registers (R4 and R85), 
determine the period of the retrace output signal. The value of the 
character counter is compared with the value in this register to pro- 
vide horizontal timing. 


Horizontal Display Enable End Register (R1) — The value in the 
horizontal display register defines the length of the horizontal display 
enable signal and determines the number of characters to be dis- 
played on one horizontal line. The actual number of characters dis- 
played will be one less than the value placed in this register. 


Start Horizontal Blanking Register (R2) — The value in the start 
horizontal blanking signal will become active. The value is defined 
in terms of when the number (of horizontal character clocks) in this 
register is equal to the horizontal character count. At that point, 
the blanking signal will become active. 


The underline scan line decode output is multiplexed on the cursor 
output during the blanking period. The underline signal remains valid 
for one character count beyond the end of the blanking signal. 


End Horizontal Blanking Register (R3) — The value in this register 
has two functions: (1) Provide an end horizontal blanking value (bits 
0 through 4) and (2) provide skew control (bits 5 and 6). Bit 7 is 
not used. 


The end horizontal blanking value is compared with the five least 
significant bits of the horizontal scan line register. When they agree, 
the horizontal blanking signal goes inactive. Because this value is 
limited to five bits, the maximum limit of the blanking signal is 31 
character clocks. The value in this register is the value in the start 
blanking register plus the width of the blanking signal. 
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The display enable skew control value allows for character skew. 
Prior to displaying data on the screen, the CRT controller accesses 
the video buffer to obtain a character to be displayed, accesses 
the attribute code, accesses the character generator, and finally, 
reads the pixel panning register in th 82C433 attributes controller. 
Each access requires the display enabled signal to be skewed (de- 
layed) by one character clock to allow synchronization with the hori- 
zontal and vertical retrace signals. The binary value in bits 5 and 
6 of this register provide between 0 and 3 character clocks of skew 
or delay. 


Start Horizontal Retrace Register (R4) — The value in this register 
is the character count at which time the horizontal retrace signal 
becomes active. It is used to center the display horizontally. 


End Horizontal Retrace Register (R5) — The contents of this reg- 
ister perform three functions: (1) End horizontal retrace (bits 0 
through 4), (2) Provide horizontal retrace delay (bits 5 and 6), and 
(3) Determine whether the start odd/even memory address is odd 
or even (bit 7). 


During the end horizontal retrace function, the horizontal retrace 
signal goes inactive when the value in the five least significant bits 
of the horizontal scan line counter becomes equal to the count in 
this register. The value in the register is the value in the start register 
plus the width of the retrace signal in character clocks. 


During the horizontal retrace delay function, some video modes re- 
quire a horizontal retrace signal that takes the entire blanking period. 
The falling edge of this signal also provides some internal timing. 
To make sure that associates signals are properly latched, the re- 
trace signal is started before the end of the display enable signal. 
To properly center the display on the screen, the skew (the horizon- 
tal retrace delay) needed is controlled by bits 5 and 6 of this register. 


During the start odd/even memory address function where horizontal 
pixel panning is required, it may be necessary to start the video 
memory access at an odd address. Bit 7, if clear, selects an even 


address; if set, an odd address is selected. In most cases this bit 
should be set to 0. 
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Vertical Total Register (R6) — The vertical total register contains 
the least significant 8 bits of a nine-bit register. The ninth bit is 
contained in bit 0 of R7. The value of the vertical total register defines 
the number of horizontal scan lines in a single video frame, including 
the vertical retrace. 


Overflow Register (R7) — This register contains the ninth bit of 
several other control registers and is used in conjunction with those 
registers. The registers are defined in Table 17-64. 


Table 17-64. Overflow Register Contents 


BIT REGISTER DESCRIPTION 

0 R6 The ninth bit of the vertical total register. 

4 R11 The ninth bit of the vertical display enable end. 
2 R10 The ninth bit of the vertical retrace start register. 
3 R15 The ninth bit of the vertical blanking register. 

4 R18 The ninth bit of the line compare register. 

5 RA The ninth bit of the cursor location register. 

6 and7 Not used. 


Preset Row Scan Register (R8) — Each horizontal retrace incre- 
ments the horizontal row scan counter, which is cleared each time 
the counter equals the value in R9, the maximum scan line register. 
The value in the first five bits (bits 0 through 4) of this register (R8) 
specifies the starting row scan count after a vertical retrace. 


In Hercules and color graphics compatible modes, this register can 
be used for soft scrolling by setting the register value between 0 
and 3. For example, if you set the start scan row value at 1 instead 
of 0, the next frame will begin with address 1. This provides the 
effect of shifting the screen image vertically by 1 scan row. Bits 
5 through 7 are not used. 
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Maximum Scan Line Register (R9) — The value in bits 0 through 
4 of this register specifies the number of scan lines in each row 
of characters, minus one. Bits 5 through 7 are not used. 


Cursor Start Register (RA) — The value in bits 0 through 4 of 
this register specifies the scan fine in the character row (minus one) 
where a cursor is to begin. Bits 5 through 7 are not used. 


Cursor End Register (RB) — The register performs two functions: 
(1) it defines the ending scan line of the cursor and (2) it provides 
cursor character skew. 


During the cursor scan line end function, the value in bits 0 through 
5 defines the scan line where the cursor ends. The start and end 
registers (RA and RB) allow a cursor of up to 32 scan lines in height 
to be started on any scan line of a character block. Usually the 
cursor will be no more than 14 scan lines in height, which is the 
height of the character block in mode 7 (monochrome card mode). 


During the cursor skew function, the value of bits 6 and 7 determine 
how many characters to the right, the cursor will be skewed (offset). 
Zero, one, two, or three characters may be specified. Bit 7 of this 
register is not used. 


Start Address Registers (RC and RD) — The value in the 16 
bits that make up the RC and RD registers specifies the starting 
(first) address in video memory of the displayed page. Register RC 
contains the 8 most-significant (high-order) bits of the address while 
register RD contains the 8 least-significant (low-order) bit of the ad- 
dress. 


Cursor Location Registers (RE and RF) — The value in the 16 
bits that make up the RE and FF registers specifies the character 
address in video memory of the cursor. Register RE contains the 
8 most-significant (high-order) bits of the address while register RF 
contains the 8 least-significant (low-order) bits of the address. By 
specifying the address anywhere in the 64K of video memory, pag- 
ing and scrolling the display through memory will not lose the original 
cursor location. 
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Vertical Retrace Start Register (R10) — The vertical retrace start 
write-only register contains the least-significant 8 bits of a nine-bit 
register. The ninth bit is contained in bit 2 or R7. The value in these 
nine bits defines the horizontal scan line where the vertical retrace 
will start. 


Vertical Retrace End Register (R11) — This write-only register 
serves several functions: (1) vertical retrace end, (2) clear vertical 
interrupt, (3) set vertical interrupt, and (4) test. 


During the vertical retrace end function, the value in bits 0 through 
3 specifies the horizontal scan line where the vertical retrace will 
end by comparing the value in this register with the four least-signifi- 
cant bits of the horizontal scan line counter. 


During the clear vertical interrupt function, clearing bit 4 (setting 
it to 0) will clear the vertical interrupt generated on the CRTINT 
output of the CRT controller. 


During the set vertical interrupt function, clearing bit 5 (setting it 
to 0) will enable the vertical interrupt signal on the CRTINT output 
of the CRT controller. 


During the test function, bit 6 is used for testing the CRT controller 
during manufacturing, and must be cleared for normal operation 
(set to 0). Bit 7 of this register is not used. 


Light Pen Registers (R10 and R11) — The value returned in the 
16 bits that make up the R10 and R11 read-only registers is the 
video memory address after an attached light pen is triggered. Reg- 
ister RC contains the 8 most-significant (high-order) bits of the ad- 
dress while register RD contains the 8 least-significant (low-order) 
bits of the address. 


Vertical Display Enable End Register (R12) — The vertical display 
enable end register contains the least-significant 8 bits of the nine-bit 
register. The ninth bit is contained in bit 1 of R7. The value in these 


nine bits defines the horizontal scan line where the display on the 
screen ends. 


Sm 
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Offset Register (R13) — The value in the offset register defines 
the width of a logical line on the screen. The starting address of 
the next row is determined by the current row’s starting address 
and the value in this register. 


The video memory address counter can be incremented in 8-bit 
bytes or 16-bit words as determined by bit 6 of the mode control 
register, R17. 


When the video memory address counter is counting in bytes, the 
next row’s starting address is equal to the current row’s starting 
address plus two times the value in R13. The least significant bit 
of the current row’s address in forced to a zero at the input of the 
adder that sums the two values together. 


When the video memory address counter is counting in words, the 
next row's starting address is equal to the current row’s starting 
address plus four times the value in R13. 


Underline Location Register (R14) — The value in bits 0 through 
4 define the scan line of the character where the underline will ap- 
pear. This value is one less than the actual scan line. Bits 5 through 
7 are not used. 


Start Vertical Blanking Register (R15) — The start vertical blank- 
ing register contains the least-significant 8 bits of a nine-bit register. 
The ninth bit is contained in bit 3-of R7. The value in these nine 
bits defines the horizontal scan line where the vertical blanking sig- 
nal starts. 


End Vertical Blanking Register (R16) — The value in bit 0 through 
bit 4 of the end vertical blanking register is compared against the 
value of the five least-significant bits in the horizontal scan line 
counter. When these two values match, vertical blanking will be 
terminated. The maximum width of the vertical blanking signal is 
limited to 31 horizontal scan lines from the start of the vertical dis- 
play. Bits 5 through 7 are not used. 
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Mode Control Register (R17) — The mode control register pro- 
vides control over a number of functions these are described in 
Table 17-65. 


Table 17-65. Mode Control Register Functions 


BIT 


DESCRIPTION 


Oo 


= 


Compatibility mode support. This bit allows compatibility with 
the 6845 CRT controller. When this bit is clear, scan row ad- 
dress bit 0 is substituted for memory address bit 13 during active 
display times and provides 6845 compatibility. When this bit 
is set, no such substitution takes place. 


Select scan row counter. This bit allows compatibility with 400- 
line graphics cards, such as the Hercules graphics card. When 
this bit is clear, the MA14 output signal reflects the value in 
bit 1 of the scan row counter. When this sit is set, the MA14 
output signal reflects the value in bit 14 of the scan row counter. 


Horizontal retrace select. This bit controls the horizontal resolu- 
tion of the CRT controller. When this bit is clear, the vertical 
counter follows the horizontal retrace clock which provides a 
maximum horizontal resolution of 512 scan lines. When this 
bit is set, the vertical counter is advanced every other horizontal 
retrace clock, providing a maximum horizontal resolution of 
1,024 scan lines. 


Count by two. This bit determines whether the value in the offset 
register (R13) is a byte or word value. When this bit is clear, 
the memory address counter is clocked by the character clock 
input and the value in R13 is in bytes. When this bit is set, 
the memory address counter is advanced every other character 
clock and the value in R13 is in words. 


Output control. This bit controls the state of these CRT controller 
output signals: VRTC, SYNC, BLANK, CURSOR, DE, MA14 
and MA15. When this bit is clear, the output lines are enabled. 
When this bit is set, the output lines are placed into a high 
impedance state. 
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Table 17-65 (continued). Mode Control Register Functions 
BIT DESCRIPTION 


5 Address Wrap. This bit determines whether MA13 or MA15 ap- 
pears on the MAO output pin when bit 6 is clear (has selected 
the word mode). When both bit 5 and bit 6 are clear, MA13 
will be selected; this indicates that video memory is limited to 
64K. When bit 6 is clear and bit 5 is set, MA15 will be selected, 
indicating that video memory is greater than 64K. Since video 
memory is 256K on this card, MA15 should always be selected 
whenever bit 6 is clear. When bit 6 is set, the byte mode has 
been selected and the MAO counter output has been selected 
and appears on the MAO output pin. 


6 Word or byte mode. When this bit is set, the byte mode is 
selected and the memory address counter bits are in their nor- 
mal position. When this bit is clear, the word mode is selected 
and the memory address counter bits are shifted one position 
to the right, causing the most significant bit of the memory ad- 
dress counter to appear as the least significant bit at the mem- 
ory address outputs. 


7 Hardware reset. When this bit is clear, the vertical and horizon- 
tal retrace registers are cleared. When this bit is set, the vertical 
and horizontal retrace registers are enabled. 


Line Compare Register (R18) — The line compare register con- 
tains the least-significant 8 bits of a nine-bit register. The ninth bit 
is contained in bit 4 of R7. 


The nine-bit line compare register is used in split screen applica- 
tions. The scrolling operation utilizes the start address registers RC 
and RD. The split screen capability will allow scrolling through some 
areas of the screen while the remaining screen area remains im- 
mune to it. 


When the horizontal scan line counter is equal to the value in this 
register, the memory address counter is reset to 0. The counter 
then sequentially addresses the display buffer, starting with address 
0. Each subsequent row’s starting address is determined by sum- 
ming the start-of-line latch with the value in the offset register. This 
allows a given area of the screen to remain immune from scrolling. 
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Mode Register — The mode register in the CRT controller is written 
to by activating the MODEIOW input to the CRT controller. The 
mode conirol register uses the three most significant bits (5 through 
7) to perform the functions in Table 17-66. Bits O through 4 are 
not used. 


Table 17-66. Mode Register Functions 
BIT DESCRIPTION 


5 This bit is the least significant bit of the video memory address 
when the inputs SAM and MEMOPT are low and CHAIN is 
high. 


6 This bit selects the polarity of the horizontal sync signal. If this 
bit is clear, the signal is positive. If this bit is set, the signal 
is negative. 


7 This bit selects the polarity of the vertical syne signal. If this 


bit is clear, the signal is positive. If this bit is set, the signal 
is negative. 


82C434 Pinout 
The 82C434 CRT controller is an 84-pin, large-scale integrated cir- 
cuit. The pin definitions are described in Table 17-67 and illustrated 
in Figure 17-11. 


Table 17-67. 82C434 CRT Controller Pin Functions 


PIN SIGNAL 

NUMBER NAME DEFINITION 

1 Vss Ground. 

2 AAV14 Video address bus A line 14. Generated by 
the 82C432 sequencer. 

3 BAV14 Video address but B line 14. Generated by 
the 82C432 sequencer. 

4 BAO Video address bus B line 0. Used to address 
memory planes 2 and 3. 


Table 17-67 (continued). 
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82C434 CRT Controller Pin Functions 


PIN SIGNAL 

NUMBER NAME DEFINITION 

5 Al CPU address bit 1. Used to generate ad- 
dresses for the video memory. 

6 AAI Video address bus A line 1. Used to address 
memory planes 0 and 1. 

e AQ CPU address bit 9. Used to generate ad- 
dresses for the video memory. 

8 BAI Video address bus B line 1. Used to address 
memory planes 2 and 3. 

9 MOD4 Memory plane 0, bit 4. Video memory bit, 
which is part of the character data bus. 

10 AA2 Video address bus A line 2. Used to address 
memory planes 0 and 1. 

11 A2 CPU address bit 2. Used to generate ad- 
dresses for the video memory. 

12 A10 CPU address bit 10. Used to generate ad- 
dresses for the video memory. 

13 BA2 Video address bus line 2. Used to address 
memory planes 2 and 3. 

14 MOD5 Memory plane 0, bit 5. Video memory bit, 
which is part of the character data bus. 

15 AA3 Video address bus A line 3. Used to address 
memory planes 0 and 1. 

16 A3 CPU address bit 3. Used to generate ad- 
dresses for the video memory. 

17 Alt CPU address bit 11. Used to generate ad- 


dresses for the video memory. 
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Table 17-67 (continued). 


PIN 


NUMBER 


18 


19 


20 


21 


22 


23 


24 


25 


26 


27 


28 


29 


30 


31 


SIGNAL 
NAME 
BA3 


MOD6 


Ke} 


Vss 


Al2 


A13 


BAS 


82C434 CRT Controller Pin Functions 


DEFINITION 


Video address bus B line 3. Used to address 
memory planes 2 and 3. 


Memory plane 0, bit 6. Video memory bit, 


which is part of the character data bus. 


Line graphics. This active low output is used 
by the 820433. 


+ 5 VDC supply. 
Ground. 


Video address bus A line 4. Used to address 
memory planes 0 and 1. 


CPU address bit 4. Used to generate ad- 
dresses for the video memory. 


CPU address bit 12. Used to generate ad- 
dresses for the video memory. 


Video address but B line 4. Used to address 
memory planes 2 and 3. 


Memory plane 0, bit 7. Video memory bit, 
which is part of the character data bus. 


Video address bus A line 5. Used to address 
memory planes 0 and 1. 


CPU address bit 5. Used to generate ad- 
dresses for the video memory. 


CPU address bit 13. Used to generate ad- 
dresses for the video memory. 


Video address bus B line 5. Used to address 
memory planes 2 and 3. 
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Table 17-67 (continued). 


82C434 CRT Controller Pin Functions 


LE EEE 


PIN 
NUMBER 


SIGNAL 


NAME 


DEFINITION 


i EEE Enel 


32 


33 


34 


35 


36 


37 


38 


39 


40 


4 


45 


MOoDO 


AAG 


A6 


A8 


BA6 


MOD3 


A7 


AAV15 


Vdd 


Vss 


BA7 


MoD2 


Memory plane 0, bit 0. Video memory bit, 
which is part of the character data bus. 


Video address bus A line 6. Used to address 
memory planes 0 and 1. 


CPU address bit 6. Used to generate ad- 
dresses for the video memory. 


CPU address bit 8. Used to generate ad- 
dresses for the video memory. 


Video address bus B line 6. Used to address 
memory planes 2 and 3. 


Memory plane 0, bit 3. Video memory bit, 
which is part of the character data bus. 


Memory plane 0, bit 1. Video memory bit, 
which is part of the character data bus. 


Video address bus A line 7. Used to address 
memory planes 0 and 1. 


CPU address bit 7. Used to generate ad- 
dresses for the video memory. 


Video address bus A line 15. Generated by 
the 820432 sequencer. 


+ 5 VDC supply. 
Ground. 


Video address bus B line 7. Used to address 
memory planes 2 and 3. 


Memory plane 0, bit 2. Video memory bit, 
which is part of the character data bus. 
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Table 17-67 (continued). 82C434 CRT Controller Pin Functions 
ee 


DEFINITION 


eee 


PIN SIGNAL 
NUMBER NAME 

46 BAV15 

47 MA15 

48 MA14 

49 GRAPHICS 
50 CHAIN 

51 MUX 

52 RESET 

53 HIN 


Video address bus B line 15. Generated by 
the 82C432 sequencer. 


Memory address 15. This output is used by 
the 82C432 to generate the high order ad- 
dress bits AAV15 and BAV15. This output 
can be placed into a high-impedance mode 
by mode control register R17. 


Memory address 14. This output is used by 
the 82C432 to generate the high order ad- 
dress bits AAV14 and BAV14. This output 
can be placed into a high-impedance mode 
by mode control register R17. 


Graphics. This active low input from the 
82C431 is used to change RAM BA address- 
es from graphics to text mode. 


Chain. This input from the 82C431 is used 
with the SAM and MEMOPT inputs to select 
the LSB of the CPU address. 


Multiplex. This input from 82C432 is used to 
multiplex the RAS and CAS address control 
signals. 


Reset. This signal initializes the CRTC as fol- 
lows: (1) horizontal and vertical polarity con- 
trol are cleared to 0, (2) mode register bits 
4 and 7 are cleared to 0, (3) all counters in 
the CRT controller are reset, (4) address reg- 
ister bits 3 and 4 are cleared to 0, and (5) 
PGSEL is cleared to 0. 


Horizontal sync. This output is active high if 
the horizontal polarity bit HPOL is high. HPOL 
is programmed through the MODEIOW regis- 
ter. This signal is identical to the HPOL bit 
of the miscellaneous output register in the 
82C431. 
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Table 17-67 (continued). 


82C434 CRT Controller Pin Functions 


PIN 
NUMBER 


SIGNAL 
NAME 


DEFINITION 


CURSOR 


VIN 


SYNCS 


VRTC 


CRT latch. This a active low input from the 
82C432 latches data bit 0 through data bit 
7 of memory plane 0. 


Display enable. This output enables the dis- 
play area on the screen. When DE and 
BLANK are inactive at the same time, the bor- 
der is displayed on the monitor. 


Cursor. This output signal serves two func- 
tions. First, it indicates a valid cursor position 
when DE is active. Second, it signifies the 
contents of the underline location register 
R14 are equal to the horizontal line counter. 


Blank. This output signal is used to blank the 
screen during retrace periods. 


CRT / CPU. When this input signal is high, 
the CRT read address signal is enabled. 
When this input signal is low, the CPU read 
address or CPU write address signal is en- 
abled. 


Vertical sync. This output is active high if the 
horizontal polarity bit VPOL is high. VPOL is 
programmed through the MODEIOW register. 
This signal is identical to the VPOL bit of the 
miscellaneous output register in the 82C431. 


Sync. This output is used by the 82C432 to 
control the AS/L signal. 


Vertical retrace. This output is used by the 
82C433 to generate blink clock for the blink- 
ing portions of the display. 


Clock. This signal is CCLK from the 820432 
and is used to synchronize all functions for 
the 82C434 except the bus interface. The ac- 
tive transition is high to low. 
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Table 17-67 (continued). 82C434 CRT Controller Pin Functions 


a ee Aa Pe eee eet OE 
PIN SIGNAL 
NUMBER NAME DEFINITION 


— ee 


63 Vdd + 5 VDC supply. 
64 Vss Ground. 


65 CRTINT CRT interrupt. This is the frame interrupt out- 
put, which is enabled by bit 5 of the vertical 
retrace end register. it can be cleared by pro- 
gramming bit 4 of the vertical retrace end reg- 
ister to 0. 


66 MODEIOW = Mode input/output write. This active low input 
is used to program the MODEIOW register 
bits 5, 6, and 7. A chip reset clears the regis- 
ter. 


67 IOW Input/output write. This active low input from 
the CPU is used to write to the 82C-434 regis- 
ters. 


68 1OR Input/output read. This active low input from 
the CPU is used to read the 82C434 regis- 
ters. 


69 LPS Light pen strobe. This input from the light pen 
is used to latch the current refresh address 
in the light pen register. The address is 
latched on a low-to-high transition of this 
input. 


70 AO CPU address bit 0. Used to generate ad- 
dresses for the video memory. 


71 SAM This input is used with MEMOPT and CHAIN 
to select the LSB of the CPU address. 


72 MEMOPT Memory option. This input from the video 
memory is used with SAM and CHAIN to 
select the LSB of the CPU address. When 
this signal is low, video memory contains 
64K. 


| Ea ca ES ai | Ea Ea 


Page 17-117 
31 kHz Video 


i SS SS 0 


Table 17-67 (continued). 82C434 CRT Controller Pin Functions 


Lae 


PIN SIGNAL 

NUMBER NAME DEFINITION 

a 

73 A16 CPU address bit 16. Used to generate ad- 
dresses for the video memory. 

74 Ai4 CPU address bit 14. Used to generate ad- 
dresses for the video memory. 

75-82 DO-D7 Data bus, bits 0 through 7. Used to transfer 
data to and from the CPU data bus. 

83 AAO Video address bus A line 0. Used to address 
memory planes 0 and 1. 

84 Vdd + 5 VDC supply. 


820434 


Figure 17-11. 82C434 CRT Controller Pinout 
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31 KHz Interface 


The 31 kHz video card is a high performance card capable of emulat- 
ing standard CGA, MDA, Hercules, and EGA video formats. It also 
supplies a more advanced degree of resolution (640 x 480) than 
standard EGA designs. The card is supplied with two external con- 
nectors: a 9-pin connector for standard (native) video formats and 
a 15-pin connector that provides RGB analog signals. 


In the native modes (CGA, MDA, Hercules, and EGA), various resol- 
utions and capabilities are possible. The previous sections in the 
chapter describe the registers that support these functions. In the 
31 kHz mode, up to 480 horizontal lines can be generated and 
16 colors (out of a palette of 256,000 possible colors) can be dis- 
played. The following sections describe the programmable registers 
of the 31 kHz extended chip set and its associated color palette 
chip. 


31 kHz Extended Chip Set 


The extended chip set consists of the 82C431 graphics controller, 
the 82C432 sequencer, the 82C433 attributes controller, the 82C434 
CRT controller, and a custom gate array. The register descriptions 
for all of these devices (excluding the custom gate array) are pro- 
vided in the “Enhanced Graphics” section of this chapter. 


The custom gate array is a proprietary design and no information 
with regard to device programmability is available. The gate array 
decodes the appropriate signals to emulate the native mode video 
formats and to implement 31 kHz EGA (640 x 480). 


Color Palette 


The color palette is an integrated circuit that is capable of displaying 
256 colors from a palette of 256,000 possible colors. The IMS-G171 
color palette IC contains a color look-up table, three 6 bit DAC (digi- 
tal-to-analog conversion) circuits, and processor interface circuits. 
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The device is used in the final stage of the video system. It contains 
sufficient memory to maintain the status of 256K x 18 bit data 
words. Each word is composed of three 6-bit data fields. The three 
DAC circuits convert each 6-bit field into R, G, and B video levels. 
These levels drive the appropriate type of video monitor to produce 
various colors (or shades of gray) on the monitor's display. 


The following section provides a description of the internal registers 
of the color palette IC. Table 17-68 indicates which register can 
be accessed according to the status of the register-select (RSO and 
RS1) signals. The registers can be read or written to in accordance 
with the states of the read enable and write enable signals. 


Table 17-68. Color Palette Registers 


RSO_ RSI REGISTER PORT 
0 0 Write pixel address register 3C8H 
0 1 Color value register 3C9H 
1 0 Pixel mask register 3C6H 
1 1 Read pixel address register 3C7H 


Write Pixel Address Register — This register defines a starting 
address for write operations to the color palette. During a processor 
write cycle, the value placed in this register defines an memory 
location that contains a color definition. The color definition can be 
changed by writing new values to the color value register. After 
anew color value is written, the write pixel address register incre- 
ments to point to the next memory location in the color palette. 


A color value write cycle requires that three bytes be placed in the 
color value register. The first byte defines red color information, the 
second byte defines green color information, and the third byte de- 
fines blue color information. The first six least-significant bits of each 
byte are strung together in the color value register to form an 18-bit 
data segment. 


If a new value is written to the pixel address register when a write 
operation (through the color value register) to the color palette is 
taking place, the operation will be terminated and the color values 
in the palette will be set to an initial condition. 
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Color Value Register — The color value register is an 18 bit register 
that temporarily reflects values that define colors in the palette. New 
color values can be written to the palette through the color value 
register and the status of the current palette can be read through 
the register. 


During a write cycle, three bytes that define red, green, and blue 
color information are assembled in the 18-bit color value register. 
Note that only the first six least-significant bits of each byte are 
used. After the 18-bit data segment is assembled it is written to 
a specific memory location (defined by the write pixel address regis- 
ter) in the color palette. 


During a read cycle, the color information in the palette is transferred 
into the 18-bit color value register. Each 6-bit data field is read as 
three bytes with the two most-significant bytes set to zero. 


Pixel Mask Register — Before the color palette is addressed, each 
bit in the pixel mask register is logically ANDed with each bit that 
makes up the pixel address. This function can cause the displayed 
colors to be altered while the color definitions in the color palette 
and in video memory are not altered. Manipulating the pixel address 
as a function of the pixel mask register allows such effects as rapid 
animation and flashing of objects. 


Read Pixel Address Register — This register defines a starting 
address for read operations to the color palette. During a processor 
read cycle, the value placed in this register defines an memory loca- 
tion that contains a color definition. The color definition can be read 
through the color value register. After a color value is read, the 
read pixel address register increments to point to the next memory 
location in the color palette. 


A color value read cycle fetches three bytes from the color palette. 
The first byte defines red color information, the second byte defines 
green color information, and the third byte defines blue color infor- 
mation. The first six least-significant bits are fetched from the 18-bit 
string in the color value register. The two most-significant bits of 
each byte are set to zero. Each 6-bit data field (representing R, 
G, and B color information) is converted to analog levels by the 
IMS-G171’s internal DAC circuits. 
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If a new value is written to the read pixel address register when 
a read operation (through the color value register) to the color palette 
is taking place, the operation will be terminated and the color values 
in the palette will be set to an initial condition. 


Chapter 18 
Serial and Parallel 
Communications 


This chapter describes the communications hardware. The Ad- 
vanced Desktop Computer is supplied with one serial port and one 
parallel port. The circuits that control the serial port consist of an 
NS16450 asynchronous communications element and various buf- 
fers and drivers that act as receivers and transmitters. Data trans- 
ceivers handle the data bus interface. The parallel port consists 
of three I/O ports. The parallel port circuits do not include a desig- 
nated VLSI integrated circuit that controls port operations. Instead, 
discrete chips interface parallel data to 8-bit parallel devices. The 
chips are designated as specific drivers and receivers. 


NOTE: The serial port may be configured as COM1 or COM2 by 
setting the appropriate address and interrupt jumpers. Since there 
is only one address jumper, the serial port and the parallel port 
must be set for COM1 and LPT1 or COM2 and LPT2. If the com- 
munications ports are set for COM1, the interrupt jumper should 
be set for IRQ4. If the communications ports are set for COM2, 
the interrupt jumper should be set for IRQ3. Refer to Chapter 4 
for additional configuration information. 


The following sections describe the hardware and programmable 
characteristics (where applicable) of the integrated circuits used for 
data communication. 


Serial Port 


In this computer, the serial port circuitry is on the /O card, which 
is located in the third slot of the backplane board. The serial com- 
munication signals are transmitted through a 9-pin connector. Table 
18-1 details which signals are carried by which pins. 
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Table 18-1. Serial Connector Pinout 


PIN NUMBER SIGNAL NAME DESCRIPTION 
1 CD Carrier detect 

2 SIN Receive data 

3 SOUT Transmit data 

4 DTR Data terminal ready 
5 GND Signal ground 

6 DSR Data set ready 
7 RTS Request to send 
8 CTs Clear to send 

9 Rl Ring indicate 
Case GND Chassis ground 


The serial port hardware is designed around the NS16450 VLSI 
controller chip. This device operates very much like the INS8250A 
serial port controller chip. It is bidirectional to permit I/O communica- 
tion with serial peripherals. Parallel-to-serial (data bus to device) 
and serial-to-parallel (device to data bus) data conversion, parity, 
and handshaking are all handled by the NS16450. 


NS16450 Asynchronous Communications Element 


The asynchronous communications element controls the serial com- 
munications channel. A block diagram of this device is shown in 
Figure 18-1. 


The NS16450 interfaces the CPU with the RS-232C serial input/out- 
put connector on the back of the computer. The controller receives 
information from the system data bus through an internal data buffer. 
The NS16450 can be programmed with this data or transmit it 
through the port. Addressing is handled by the chip select line and 
address lines 0 — 2. Control logic inside the controller determines 
if a register is being programmed or if there is data ready to transmit 
or receive. 
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Figure 18-1. NS16450 Block Diagram 


The receiver circuits accept serial data from pin 2 (serial in) of the 
connector and convert it into a parallel form before making it avail- 
able for the system data bus. The transmitter circuits convert parallel 
data from the system data bus into serial form and then send it 
to pin 3 (serial out) of the connector. 


The modem support circuits provide the control signals used for 
serial communications across standard telephone lines. The system 
interrupt controller signals the processor when the NS16450 re- 
quires service to continue transmitting or receiving data. In this com- 
puter, this line is only used to request service while receiving data. 


The NS16450 provides a number of programmable options: manipu- 
lating interrupts, modem controls, word length, parity, number of 
stop bits, and baud rate. Most of these functions can be handled 
at the system level through the interrupts described in Chapter 9. 
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Handshaking 


Two devices communicate asynchronously through handshaking. 
Two handshaking methods are used: software and hardware. This 
part of the manual is concerned only with hardware handshaking. 
For information on software handshaking, refer to Chapter 9. 


The four input handshaking lines at the NS16450 are RLSD, DSR, 
CTS and RI. The RLSD (receive line signal detect) line is connected 
to the carrier detect line on the RS-232C connector. It is asserted 
whenever an externally connected modem detects an incoming car- 
rier. The DSR (data set ready) line is asserted when a modem or 
other device is ready to establish communications with the com- 
puter. The CTS (clear to send) line is asserted when the external 
device is ready to accept data. The Rl (ring indicator) line is asserted 
when an attached modem detects a ring signal on the telephone 
line. All signals are inverted between the connector and NS16450 
by an inverter/receiver. 


The two output handshake lines are DTR and RTS. The DTR (data 
terminal ready) line is asserted when the computer is ready to com- 
municate with an external device. The RTS (request to send) line 
is asserted when the computer is ready to transmit data. These 
two lines are buffered by drivers between the NS16450 and the 
connectors. 


NS16450 Programming 


NOTE: The original 8250 design had a bug in it that required pro- 
gramming the 8250 while in the loopback mode. Since this bug 
has been corrected in the device used in this computer (NS16450), 
the practice of placing the device in the loopback mode is no longer 
necessary. However, to maintain software compatibility with older 
computers that use the earlier versions of the 8250, you may wish 
to continue this practice. 
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There are nine registers available to the programmer in the 
NS16450. Refer to Table 18-2 for the port addresses of these regis- 
ters. 


Table 18-2. NS16450 Register Ports 


ADDRESS REGISTER 

3F8H Receiver buffer register 

3F8H Transmitter holding register 

3F8H Divisor latch (least-significant byte) 
3F9QH Divisor latch (most-significant byte) 
3F9H Interrupt enable register 

3FAH Interrupt identification register 
3FBH Line control register 

3FCH Modem control register 

3FDH Line status register 

3FEH Modem status register 


NOTE: The port addresses referred to in Table 18-2 are normally 
associated with the COM1: serial communications port. If a second 
serial port is added to the system (COM2:) its addresses will begin 
at 2F8H. 


The receiver buffer register and the transmitter holding register 
share the same port address. The receiver buffer register is a read- 
only register and the transmitter holding register is a write-only regis- 
ter. These registers contain the data received and the data to be 
transmitted. The first data bit to be transmitted or received is the 
least-significant bit. 


The divisor latches establish the baud rate based on the input fre- 
quency of the oscillator clock to the NS16450. This computer uses 
an oscillator with a frequency of 1.8432 MHz. You can program 
the latches with any number to produce a value that is sixteen times 
the actual baud rate. The values that produce standard baud rates, 
along with the error percentage, are provided in Table 18-3. 


NOTE: To write to the divisor latches, you must first set bit 7 in 
the line control register. Otherwise, the receiver buffer, the transmit- 
ter holding register, or the interrupt enable register will be written 
to. 
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Table 18-3. Baud Rate and Divisor Latch Values 


DESIRED DIVISOR ERROR 
BAUD RATE VALUE PERCENTAGE 
50 2304 0 
7 1536 0 
110 1047 0.026 
134.5 857 0.058 
150 768 0 
300 384 0 
600 192 0 
1200 96 0 
1800 64 0 
2000 58 0.69 
2400 48 0 
3600 32 0 
4800 24 0 
7200 16 0 
9600 12 0 
19200 6 0 
38400 3 0 
56000 2 2.86 


NOTE: Although any baud rate can be programmed into the NS16450, 
PC-compatible hardware and software supports only the following baud 
rates: 110, 150, 300, 600, 1200, 2400, 4800, 9600, and 19,200. 


The two interrupt registers work together but have different port ad- 
dresses. The interrupt enable register uses four bits to enable the 
interrupt capabilities of the NS16450. Four interrupts are recognized: 
received data available interrupt, transmitter holding register empty 
interrupt, receiver line status interrupt, and modem status interrupt. 
These interrupts are identified by the first three bits of the interrupter 
identification register. Their priority level, source, and reset control 
are described in Table 18-4. 


Table 18-4. NS16450 Interrupts 
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INTERRUPT ID 

REGISTER PRIORITY RESET 

VALUE LEVEL SOURCE CONTROL 

0 4 Clearto send, data Read modem status 
set ready, ring register. 
indicator, or received 
line signal detect. 

1 _ None. None. 

2 3 Empty interrupt ID Read interrupt ID 
register or transmitter register, or 
holding register. transmitter hold- 

ing register, 
whichever caused 
the interrupt. 

3 —_ None. None. 

4 2 Received character Read the receiver 
available in the buffer register. 
receiver buffer 
register. 

5 _ None. None. 

6 1 Overrun, parity, or Read the line 
framing error, or status register. 
break interrupt. 

7 — None. None. 


The line control register establishes many of the parameters for 
serial communications. Each bit is described in Table 18-5. 
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Table 18-5. Line Control Register 


BIT 


DESCRIPTION 


Word length: 0 = 5 bits, 1 = 6 bits, 2 = 7 bits, and 3 = 
8 bits. Bit 0 is the least-significant bit. 


Number of stop bits dependent upon the word length. Word 
length = 6, 7, or 8: clear (0) = 1 stop bit, set (1) = 2 stop 
bits. Word length = 5: clear (0) = 1 stop bit, set (1) = 1.5 
stop bits. 


Parity enabled or not: clear (0) = parity disabled, set (1) = 
parity enabled. 


Even or odd parity: clear (0) = odd parity, set (1) = even 
parity. 


Stick parity. When parity (bit 3) and stick parity are both ena- 
bled, parity will be opposite that indicated by bit 4 (odd/even 
parity). Clear (0) = stick parity disabled, set (1) = stick parity 
enabled. 


Set break control. When this bit is set (1), the serial output 
goes low (space) and remains there until this bit is cleared (0). 
This feature allows the computer to alert a remote station, or 
vice versa, in a data communications network. 


Allows divisor latches to be accessed: clear (0) = latch access 
disabled, set (1) = the latches can be read from or written 
to. 


The modem control register handles several parameters and some 
of the handshaking protocol for the NS16450. Each bit is described 
in Table 18-6. 


Table 18-6. Modem Control Register 


BIT 


0 


DESCRIPTION 


This bit controls the data terminal ready output: clear (0) = 
DTR output is high, set (1) = DTR output is low. (See the 
note at the bottom of this table.) 
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Table 18-6 (continued). Modem Control Register 


BIT DESCRIPTION 

1 This bit controls the request to send output: clear (0) = RTS 
output is high, set (1) = RTS output is low. (See the note at 
the bottom of this table.) 

2 This bit controls the output 1 signal: clear (0) = OUT1 output 


is high, set (1) = OUT1 output is low. 


o 


This bit controls the output 2 signal in same manner that the 
output 1 signal is controlled. However, OUT2 is pulled high in 
this computer and not used. 


pn 


This bit provides a local loopback condition to test the NS16450. 
It is used by the disk-based diagnostics to check the data trans- 
mit and receive circuits of the NS16450. 


5-7 Not used, permanently clear (0). 


NOTE: The outputs described in this table are at the chip and do not neces- 
sarily reflect output signals at the connector. 


The line status register provides a status report concerning data 
transfer. Each bit is described in Table 18-7. 


Table 18-7. Line Status Register Report 


BIT DESCRIPTION 


oO 


Indicates that a complete character has been received and 
transferred into the receiver buffer register: set (1) = character 
received and ready; clear (0) = receiver buffer register is empty 
(either no character has been received or the receiver buffer 
register has been read). 


as 


Indicates that the receiver buffer register was not read before 
the next character was received: set (1) = the next character 
has been received before the receiver buffer register was read; 
clear (0) = no overrun has taken place. 


Dw 


Indicates that a parity error has been detected: set (1) = parity 
error detected; clear (0) = no parity error. 
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Table 18-7 (continued). Line Status Register Report 


BIT 


3 


7 


DESCRIPTION 


Indicates that a framing error has taken place, no valid stop 
bit was received: set (1) = framing error detected; clear (0) 
= no framing error. 


Indicates that a break interrupt has been detected. A break 
interrupt occurs when the received data input is held at a logical 
0 state longer than a full word time (start plus data plus parity 
plus stop bits). 


Indicates that the transmitter holding register is empty: set (1) 
= transmitter holding register empty; clear (0) = transmitter 
holding register receiving or has a character. This bit will pro- 
duce an interrupt to the CPU if the transmitter holding register 
empty interrupt is enabled. 


Indicates when the transmitter shift register is idle: set (1) = 
shift register is idle; clear (0) = shift register has received a 
character or is active (shifting data out). 


Not used, permanently clear (0). 


NOTE: Bits 1 — 4 produce a receiver line status interrupt when one of 
the conditions is detected. 


The modem status register provides a status report concerning the 
handshaking and control lines. Each bit is described in Table 18-8. 


Table 18-8. Modem Status Register Report 


BIT 


0 


DESCRIPTION 


Indicates that the CTSK signal has changed state since the 
last time this register was read: set (1) = changed state, clear 
(0) = no change. 


Indicates that the DSR signal has changed state since the last 
time this register was read: set (1) = changed state, clear (0) 
= nochange. 
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Table 18-8 (continued). Modem Status Register Report 


BIT DESCRIPTION 

2 Indicates that the RI signal has changed from a mark (set or 
logical 1) condition to a space (clear or logical 0) condition: 
set (1) = changed state, clear (0) = no change. 

3 Indicates that the RLSD signal has changed state since the 
last time this register was read: set (1) = changed state, clear 
(0) = no change. 

4 Reflects the complement of the CTS input: set (1) = CTS clear 
(0), clear (0) = CTS set (1). 

5 Reflects the complement of the DSRL input: set (1) = DSR 
clear (0), clear (0) = DSR set (1). 

6 Reflects the complement of the RI input: set (1) = Rl clear 
(0), clear (0) = Ri set (1). 

? Reflects the complement of the RLSD input: set (1) = RLSD 


clear (0), clear (0) = RLSD set (1). 


NOTE: Bits 0 —3 produce a modem status interrupt when one of the condi- 
tions is detected and the corresponding bit is set. 


Pinout 


The pin functions of the NS16450 are described in Table 18-9 and 
the pinout is illustrated in Figure 18-2. 


Table 18-9. NS16450 Pin Functions 


PIN 
NUMBER 


1-8 


SIGNAL 

NAME DESCRIPTION 

DO-D7 Data line 0 — data line 1. These three-state, 
bidirectional lines are connected to the com- 
puter’s data bus. 
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Table 18-9 (continued). 


NS16450 Pin Functions 


PIN SIGNAL 
NUMBER NAME 

9 RCLK 

10 SIN 

1 SOUT 
12-13 Ccso-CSsi 
14 Ccs2 

15 BAUDOUT 
16 XTAL 1 

17 XTAL2 

18 DOSTR 


DESCRIPTION 


Receive clock. This input is tied to pin 15, 
the baud out signal. It provides the timing for 
the baud rate of the receiving circuits inside 
the NS16450. By tying this line to the baud 
out signal, the transmitting and receiving 
baud rates remain the same. 


Serial input. This input receives the input sig- 
nal from the connector. It is buffered by an 
external inverter/buffer. 


Serial output.This output line transmits the 
serial data to the connector through a pair 
of external buffer/drivers. 


Chip select lines 0 ~ 1. These two lines are 
tied high. Selection of the serial port is han- 
dled by pin 14. 


Chip select. This input signal comes from the 
decoder, described in Chapter 14. It is used 
to select the serial port. 


Baud out. This signal is a clock signal that 
runs at sixteen times the transmitted baud 
rate. This output is tied to pin 9, the receive 
clock, to make the transmit and receive baud 
rates identical. 


External clock in. This is one side of the 
1.8432 MHz crystal oscillator. It is used as 
the frequency base for the various baud rates 
that can be programmed for the NS16450. 


External clock out. This is the other side of 
the 1.8432 MHz crystal oscillator. The output 
is used to stabilize the oscillator. 


Data out strobe. This line is connected to the 
system IOW line, which is used to write data 
to the selected NS16450 register. 
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Table 18-9 (continued). .NS16450 Pin Functions 


PIN SIGNAL 

NUMBER NAME DESCRIPTION 

19 DOSTR Data out strobe. Tied low and not used. 

20 GND Ground. 

21 DISTR Data in strobe. This line is connected to the 
system IOR line, which is used to read the 
contents of the selected NS16450 register. 

22 DISTR Data in strobe. Tied low and not used. 

23 DDIS Driver disable. Not connected. 

24 CSOUT Chip select out. Not connected. 

25 ADS Address strobe. This input provides latching 
for the address and chip select lines. Since 
these inputs are stable in this computer, this 
line is tied low. 

26-28 A2—A0 Address line 0 — address line 2. These lines 
provide register addressing information for 
the NS16450. 

29 _ Not used. 

30 INTRPT Interrupt. This output is ANDed with the IOR 
line to produce IRQ4 for the system. OUT2 
activates the interrupt. 

31 OUT2 Output 2.This output is programmed by the 
system to control IRQ4 selection. 

32 RTS Request to send. This output indicates the 
NS16450 is ready to send information. It is 
a programmed handshaking signal. 

33 DTR Data terminal ready. This output indicates the 
NS16450 is read to communicate. It is a pro- 
grammed handshaking signal. 

34 OUT1 Output 1. This output is pulled high and not 


used in this computer. 
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Table 18-9 (continued). 


PIN 
NUMBER 


35 


36 


37 


38 


39 


40 


SIGNAL 
NAME 


MR 


CTS 


Vec 


NS16450 Pin Functions 


DESCRIPTION 


Master reset. This input line is tied to RESET 
and clears and resets the NS16450's regis- 
ters. 


Clear to send. This input indicates that the 
remote device is ready to transmit. It is a pro- 
grammed handshaking signal. 


Data set ready. This input indicates the status 
of the data set. It is a programmed handshak- 
ing signal. 


Received line signal detect. This input is tied 
to the connector’s carrier detect input pin and 
indicates that an acceptable-quality signal 
carrier has been detected. It is a programmed 
handshaking signal. 


Ring indicator. This input is tied to the serial 
connector’s ring detect pin and indicates that 
a ringing signal has been detected. It is a pro- 
grammed handshaking signal. 


+5 VDC power supply. 
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= NS16450 


Figure 18-2. NS16450 Pinout 
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Parallel Port 


The parallel port consists of three individual I/O ports (A, B, and 
C). These devices interface system data to peripheral 8-bit parallel 
equipment. 1/O port A is a read/write data port that transmits data 
to the peripheral during a write operation. During a read operation, 
port A is addressed at 378-37F (LPT1) or 278-27F (LPT2). The 
same data previously transmitted is read. In other words, port A 
will not read data from the equipment. This procedure is done to 
make a check of the transmitted data. If transmitted data does not 
agree with received data, an error condition exists. 


V/O port B is a read-only port addressed at 379H (LPT1) or 279H 
(LPT2). It allows polling of the following signals: 


Error status (parallel data bit 3) 

Select acknowledge (parallel data bit 4) 
Out of paper (parallel data bit 5) 

Data acknowledge (parallel data bit 6) 
Device busy (parallel data bit 7). 


VO port C is a read/write port that controls transfer of information 
to the peripheral equipment. It is addressed at 37AH (LPT1) or 27AH 
(LPT2). VO port C is connected to the following parailel port control 
signals: 


e Data strobe to peripheral equipment (parallel data bit 0) 
Automatic line feed (parallel data bit 1) 

Device initialization (parallel data bit 2) 

Device selection (parallel data bit 3) 

Parallel port interrupt enable (parallel data bit 4) 


Figure 18-3 illustrates the 25-pin, D-type connector used in this com- 
puter. This connector provides Centronics-type signals for the paral- 
lel printer. Table 18-10 describes the signals used by this connector 
and lists their associated pin numbers. 


13 1 
| 


©) OOO0000000000 
OOO0O000000000 


25 14 
Figure 18-3. Parallel Connector 
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Table 18-10. Parallel Connector 


PIN SIGNAL 

NUMBER NAME DESCRIPTION 

1 STROBE Strobe bit. This active-low pulse indicates that 
the computer is transmitting parallel data. It 
is used to time the data being sent to the 
peripheral device. 

2 PDATAO— Data bits 0 through 7. These signals are the 


PDATA7 system buffered and latched data bits. 


10 ACK Acknowledge. This active-low signal indi- 
cates that the peripheral device has received 
the data. It can be used for hardware hand- 
shaking. 


11 ; BUSY Busy. This signal indicates that the peripheral 
device is busy and not ready to receive data. 
It can be used for hardware handshaking. 


12 PE Paper end (out). This signal indicates a 
peripheral fault. It is used by a printer to indi- 
cate that it is out of paper. 


13 SLCT Select. This signal informs the peripheral that 
it has been selected. 
14 AUTO FDXT Automatic feed. This active-low signal re- 


quests a paper feed by the peripheral. 


15 ERROR Printer fault. This active-low signal indicates 
that an error condition exists in the peripheral. 


16 INIT Initialize. This active-low signal is used to in- 
itialize the peripheral. 


17 SLCT IN Select in. This active-low signal is used by 
the peripheral to select the computer. 


18-25 GND Ground. 


Chapter 19 
ROM-Based Tests and 
Error Messages 


This chapter describes the ROM-based self-tests, selectable tests, 
and the error messages you may encounter while using this system. 
Self-test routines initialize the major devices in the system when 
the computer is turned on. The selectable tests exercise specific 
circuits more intensely than the self-tests. In most cases, the selecta- 
ble tests can be used to troubleshoot major circuits in the computer. 
An error message is a short line of text that is displayed if a test 
detects an error condition. The nature of the message is conclusive 
to the device or circuits that failed. 


Self-Tests 


On powerup the computer automatically executes a series of tests 
to verify that all of the circuits are in a starting configuration. These 
tests also check basic operational functions of the computer. The 
following systems are exercised during the self test sequence: 


Setup menu configuration 

Crystal frequencies 

Interrupt controllers 

DMA (direct memory access) controllers 

Disk drive controllers 

Disk drives (if enabled by Setup/Configuration Program) 
CPU 

ROM 

RAM. 
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Various other system-level controllers may be exercised during the 
self-tests. For example, video, keyboard, refresh, and any other con- 
troller in an expansion slot with an initialization ROM will be initialized 
during the self-test sequence. When the tests are finished, the com- 
puter will display an opening message or start the automatic boot 
procedure (autoboot). If autoboot to the floppy drive is started, a 
disk must be placed in the drive and the door shut within about 
20 seconds. 


Selectable Tests 


The Monitor program provides a great deal of flexibility and power 
to the user. Among the commands available (most of which are 
described in Chapter 6) is the TEST command. Some of the tests 
that can be performed from this command are more comprehensive 
than the powerup self-tests and can help to quickly evaluate a 
number of apparent problems in memory, the disk drives, and the 
keyboard. 


Test Menu 


The ROM-based selectable tests should be run after the computer 
is first turned on and before any application or other programs are 
run. The reason for this is that some programs modify the interrupts 
that are used during the tests. This can produce unpredictable and 
deceptive results. 


The tests are identified in the Monitor program’s command summary 
as “Extended diagnostics.” To display a menu from which the tests 
can be executed, type TEST at the Monitor program prompt and 
press the RETURN key. The menu is illustrated in Figure 19-1. 
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CHOOSE ONE OF THE FOLLOWING 


. DISK READ TEST 

. KEYBOARD TEST 

. BASE MEMORY TEST 

. EXPANSION MEMORY TEST 
. POWER-UP TEST 

. EXIT 


Oounnwne 


ENTER YOUR CHOICE: 


Figure 19-1. Test Menu 


To execute a test, press the number that corresponds to the desired 
test. The program will immediately start executing that test. 


The Disk Read Test 


The disk read test continuously reads the first sector of track 0 on 
the default drive. This sector is the first sector of the boot track 
and must be read successfully for the computer to be able to boot 
a disk. By continuously reading the first boot sector, you can deter- 
mine if you have a reliable disk/drive combination. Errors that occur 
during this test can be attributed to the disk, the drive, or both. 
If the test immediately displays an error message, use a known 
formatted disk before assuming you have a hardware-oriented error. 


NOTE: Even though the boot track is being read, the disk does 
not need an operating system on it. Any formatted disk, whether 
it has the operating system installed on it or not, can be used for 
this test. On formatted data disks, sector 1 of track 0 contains a 
short routine that, when booted and executed, will display NO SYSTEM 
and halt the computer. This message indicates that the disk is for- 
matted but does not contain an operating system. 


The disk read test is non-destructive. This means that the operating 
system (MS-DOS) or data on the disk you are testing will not be 
erased or destroyed by the test. During operation, the disk read 
test will display the test count, indicating the number of times that 
the first track has been successfully read. 
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The Keyboard Test 


The keyboard test allows you to check most of the keys on the 
keyboard and generate the key scan codes described in Chapter 
8. Some of the keys may cause the computer to exit the test rather 
than produce a display. 


This test displays several items of information. Each time a key 
that produces a printable ASCII character is pressed, the entire dis- 
play will be filled with that character. The character scan code will 
be displayed in the upper right corner of the screen if the key pro- 
duces one. If the key does not produce a code, the last code dis- 
played will remain on the screen. 


This test is also provides a quick way to fill the screen with data 
to check an external video monitor. 


The Base Memory Test 


During the power-up self-tests, only the first and last bank of base 
memory is tested. This test checks all base system memory and 
video memory for errors. While video memory is being tested, vari- 
ous patterns will appear on the screen. 


The test produces a short click sound and displays a number indicat- 
ing the current memory test count. This count is updated each time 
the test is successfully completed. The upper-right corner of the 
screen displays the current 64K bank of memory being tested in 
hexadecimal format. If an error is detected, the test stops and infor- 
mation about the error is displayed. The message reports the ad- 
dress where the error was detected, along with the bit number and 
integrated circuit (chip) number. 
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The Expansion Memory Test 


The expansion memory test checks memory above the 1-megabyte 
boundary. The test produces a short click sound and displays a 
number indicating the current memory test count. This count is up- 
dated each time the test is successfully completed. The upper-right 
corner of the screen displays the current 64K bank of memory being 
tested in hexadecimal format. If an error is detected, the test stops 
and information about the error is displayed. The message reports 
the address where the error was detected, along with the bit number. 
An integrated circuit (chip) number is not displayed for expansion 
memory. 


The Power-up Test 


The power-up test repeatedly runs the self-tests described at the 
beginning of this chapter. These tests check all major circuits. While 
the powerup self-tests are not all-inclusive, some random fault condi- 
tions can be detected using this test. The disk-based diagnostics 
are more useful in exhaustively and repeatedly testing key elements 
of the computer. For more information on the disk-based diagnos- 
tics, refer to the end of this chapter. 


Exiting the Test Menu 


All ROM-based selectable tests will display a status screen while 
running. To exit any test, press the ESC key. With the exception 
of the keyboard test, the Esc key first halts the test. Pressing it 
a second time returns the program to the test menu. When you 
have exited to the menu, press the 6 to return to the Monitor pro- 
gram. The Monitor program prompt will be displayed on the screen. 


NOTE: Do not use the CTRL-ALT-INS or CTRL-ALT-DEL key sequence 
to exit any of the tests. Some of the tests modify the interrupt vector 
table or the interrupts themselves. Exiting directly to the Monitor 
program can leave the computer in an unknown state, which often 
produces unpredictable results. 
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Error Messages 


An error message may be generated whenever a test algorithm 
(self-test or selectable test) detects that a specific system, circuit, 
or component in the computer is not functioning as expected. The 
displayed message indicates the type of failure. This section pre- 
sents the error messages in three categories: 


e Error messages related to disk drives 
e Error messages related to the Setup/Configuration program 
e General error messages. 


The error summary lines that may be displayed with certain error 
messages are explained at the end of this section. 


Error Messages Related to Disk Drives 
+++ DISK ERROR: Drive not ready! +++ 


This error message is displayed when the system attempts to boot 
an operating system but no disk has been placed in the floppy disk 
drive or the hard disk (if present and attempting to boot) has not 
been PREPed or formatted. A faulty floppy disk or controller card 
can also cause this error message to be generated. 


On floppy disk drive systems, make sure that a disk is correctly 
placed in the drive and that the drive latch is closed. Try to boot 
the system and notice if the error occurs again. If it does, you may 
need to check cable connections and the configuration jumpers on 
the floppy disk drive. Typical drive configuration information is pre- 
sented in Chapter 4 of this manual. 


On a hard disk drive system, try to determine if the problem exists 
in a piece of equipment other than the drive itself. Perform diagnostic 
tests (ROM-based or disk-based if necessary) on the hard disk con- 
troller card, and check for proper cabling and drive unit configuration. 
If no conclusive results are obtained from these checks, you may 
need to PREP and format the drive unit (assuming it has been done 
before). 
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+++ DISK ERROR: Bad disk controller! +++ 
+++ DISK ERROR: DMA Overrun! +++ 


These error messages usually indicate a fault in the disk controller 
card, but may be caused by addressing conflicts with other cards 
that are not supplied with this computer. It is also possible that the 
card is not seated properly or that cable connections are not correct. 


+++ DISK ERROR: CRC error’ +++ 
++ DISK ERROR Invalid address mark' +++ 
+++ DISK ERROR: Sector not found' +++ 


These error messages can happen when booting an operating sys- 
tem from a disk. They can also result from using an unformatted 
or defective disk, or from a faulty disk drive. Most often, this condition 
can be corrected by using another disk. 


+++ DISK ERROR: Seek failure! +++ 


This error message indicates that the computer cannot read the 
disk or cannot read track 0. This error can be caused by a faulty 
disk, or by the failure of the disk controller card, or by a fault in 
the disk drive. 


+++ DISK ERROR: Disk not bootable’ +++ 


This error message occurs when the computer attempts to boot 
a disk that does not contain an operating system. The portion of 
the disk that normally contains the operating system may have been 
damaged. 


+++ DISK ERROR: Invalid data read! +++ 


This error message indicates that the computer has read data from 
a disk but cannot interpret the data. The data on the disk may have 
lost its integrity due to exposure to an external magnetic field or 
due to physical damage of the disk itself. Try reading data from 
a known good disk and observe if the error is repeated. 
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+++ DISK ERROR: Data corrected! +++ 


This error message indicates that the drive has read data from a 
disk but the data was not all defined as either logic 0 or logic 1. 
However, the data was adequately defined to allow the controller 
to determine each data bit’s state. 


+++ DISK ERROR: Cannot reset drive! +++ 


This error message indicates a probable fault in the disk drive. If 
possible, substitute the suspect drive with a known good one to 
isolate the problem. 


+++ DISK ERROR: Must run SETUP to boot from Winchester! +++ 


This error message indicates that a valid drive type must be 
specified in by the Setup/Configuration program. Refer to the config- 
uration information in Chapter 5 for the correct procedure. 


Error Messages Related to The Setup/Configuration 
Program 


+++ ERROR: Please replace the backup battery! +++ 


This error message indicates that the real-time clock interface has 
lost power. This message will also appear upon the next powerup, 
after the backup battery has been replaced. If this message occurs 
and you do not have a replacement battery, press the ESC key to 
allow the system to boot. 


+++ ERROR: Bad configuration information found in CMOS! +++ 


This message indicates that the CPU has found invalid data present 
in the special CMOS device. The Setup/Configuration program will 
be accessed automatically by the computer after this error is de- 
tected. At this time, system configuration data may be determined 
and stored in the CMOS device. 
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+++ ERROR: Base memory size error! SETUP: 512K ACTUAL: 640K +++ 


The CPU always checks the size of memory indicated in the Setup/ 
Configuration program and compares it with the amount of actual 
memory installed in the computer. If the two figures are different, 
an error message similar to the one shown is generated. Be sure 
to update the Setup/Configuration program if additional memory is 
installed in your computer. 


+++ ERROR: Expansion memory size error! SETUP: 15296K ACTUAL: OK +++ 


An error message similar to the one shown is generated if the CPU 
detects a difference between the amount of expansion memory indi- 
cated by the Setup/Configuration program and the actual expansion 
memory installed. In the example, the actual memory is zero. This 
could mean that a major failure of memory devices has occurred 
or that the memory has been removed from the system. 


General Error Messages 


+++ ERROR: Memory parity failure! +++ 
+++ ERROR: System control processor failure! +++ 


These messages indicate that the system control processor on the 
\/O card is not responding to system requests. The keyboard and 
system will not function when this occurs. 


+++ ERROR: CMOS memory failure! +++ 


This error message indicates that the CMOS RAM chip (real-time 
clock) cannot be properly read or written to. 


+++ ERROR: CPU failure! +++ 
+++ ERROR: ROM checksum failure! +++ 


When any of these error messages occur, it indicates a fatal condi- 
tion. Either the CPU is defective or the BIOS code in the ROM 
has been corrupted. In either case the device must be replaced. 
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+++ ERROR: Parity hardware failure! Address 00000: 123D, 
Chip 209/U228 +++ 


An error message similar to the one shown indicates that the CPU 
is unable to read or write to the system RAM. The routine will attempt 
to display a number to indicate which chip appears to have failed. 


+++ ERROR: Keyboard not responding or not connected! +++ 


Normally this error message is caused by the keyboard being dis- 
connected. If this is not the case, the problem may be in the 
keyboard controller IC, the keyboard cable, or on the computer's 
backplane board. 


+++ ERROR: Timer interrupt failure! +++ 


This error message indicates possible failure of interrupt control or 
timer logic on the I/O card. Before replacing a card, make sure 
the card is properly seated and set up for the options installed. 
Also check that all optional cards are configured properly. 


+++ ERROR: RAM failure! Address: 00000:123D, Bit n, Chip Uxxx +++ 


This error message will be generated if the system detects a faulty 
memory device in its environment. The address of the memory loca- 
tion, the specific bit number, and the chip number will be displayed. 


+++ ERROR: Incorrect video configuration — Please run Setup! +++ 


Whenever this computer is powered up, a specific routine executes 
to determine what type of video interface is installed. The computer 
will default to that system even if the Setup/Configuration program 
is configured for some other type of video interface. This allows 
the display to be active at all times. 


+++ Divide by zero! +++ 
This error message indicates an invalid mathematical operation and 


returns program execution to the Monitor program. The system may 
be booted using the boot command. 
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+++ Non-maskable interrupt! +++ 


The NMI error message indicates a possible program execution 
error or a power interruption. In either case, the system must be 
reset before it will continue to operate. Press the CTRL-ALT-DEL key 
sequence or if necessary turn the computer off, wait a few seconds, 
and then turn the computer back on. 


+++ Overflow! +++ 


This error message occurs when the computer attempts to execute 
a mathematical calculation that exceeds the capabilities of the CPU. 
The system must be reset before it will continue to operate. Press 
the CTRL-ALT-DEL key sequence or if necessary turn the computer 
off, wait a few seconds, and then turn the computer back on. 


+74 Wild interrupt! +++ 


This error message indicates that an interrupt generated by an un- 
known source was received. Program execution returns to the Moni- 
tor program. The system may be booted using the boot command. 


+++ Wild hardware interrupt! +++ 


This error message occurs when a specific device generates an 
interrupt request that is out of sequence or unexpected. Program 
execution returns to the Monitor program. The system may be 
booted using the boot command. 


+++ Cache circuit card failure! +++ 

This message indicates a cache circuit card failure at powerup or 
during the powerup test portion of the ROM-based tests. 

Error Summary Lines 

--- Errors found! Please press <ESC> to continue --- 

When an error has been detected during the ROM-based tests, this 


error summary message will be displayed on the last line of the 


Screen. Press the ESC key to clear the screen and continue the 
test. 
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--- Errors found! Please unlock keyboard, then press <ESC> to continue --- 


This message may appear on the last line of the screen during 
ROM-based tests.. The keyboard must be unlocked before pressing 
the Esc key will be recognized. When the ESC is pressed, the screen 
will clear and the test will continue. 


--- Fatal Error: Cannot Continue! --- 


This message indicates that a major failure has occurred during 
a test. The test can not continue when a fatal error is encountered. 
This error is most commonly caused by defective RAM at address 
0000H. 


(Keyboard lock active: the keyboard is disabled] 


This message is displayed just before the Monitor prompt or just 
before the system boots the operating system from a disk. It lets 
you know that the keyboard is disabled by the keyboard lock. The 
keyboard will not work until it is untocked. 


Disk-Based Diagnostics 


The optional disk-based diagnostic package (Model CB-4164-41) 
is a supplemental testing package available for this computer. These 
tests contain comprehensive routines to check both the system core 
circuits and the interfaces required to operate peripheral devices. 
These tests can be very useful if you should encounter any difficul- 
ties with the computer. 


The ROM-based tests check all functions of the hardware required 
to load and run the disk-based diagnostics. For a complete discus- 
sion on how to configure and execute disk-based diagnostics, refer 
to the disk-based diagnostic manual. 


Appendix A 
80386 Instruction Set 


% 
“ 


This appendix is an overview of the instruction set available for the 
80386 microprocessor. This appendix does not contain technical 
details concerning the specific syntax or execution details of these 
instructions. Additional material may be obtained by referring to the 
related publications listed in Chapter 1 of this manual. 
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80386 Instruction Set 


Data Transfer Instructions 


General Purpose 


MOV Move operand 

PUSH Push operand onto stack 

POP Pop operand off stack 

PUSHA Push all registers onto stack 

POPA Pop all registers off stack 

XCHG Exchange Operand, Register 

XLAT Translate 

Conversion 

MOVZX Move byte or Word, DWord, with zero extension 
MOVSX Move byte or Word, DWord, sign extended 
CBW Convert byte to Word, or Word to DWord 
CDW Convert word to DWord 

CDWE Convert word to DWord extended 

CDQ Convert DWord 

Input/Output 

IN Input operand from I/O space 

OUT Output operand to I/O space 

Address Object 

LEA Load effective address 

LDS Load pointer into D segment register 

LES Load pointer into E segment register 

LFS Load pointer into F segment register 

LGS Load pointer into G segment register 

LSS Load pointer into S(stack) segment register 
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Flag Manipulation 


LAHF 
SAHF 
PUSHF 
POPF 
PUSHFD 
POPFD 
CLC 
CLD 
CMC 
STC 
STD 


Addition 


ADD 
ADC 
INC 

AAA 
DAA 


Subtraction 


SUB 
SBB 
DEC 
NEG 
CMP 
AAS 


Multiplication 


MUL 
IMUL 
AAM 


Load A register from flags 
Store A register in flags 
Push flags onto stack 
Pop flags off stack 
Push Eflags onto stack 
Pop Eflags off stack 
Clear carry flag 

Clear direction flag 
Compliment carry flag 
Set carry flag 

Set direction flag 


Arithmetic Instructions 


Add operand 

Add with carry 

Increment operand by 1 
ASCII adjust for addition 
Decimal adjust for addition 


Subtract operand 

Subtract with borrow 
Decrement operand by 1 
Negate operand 

Compare operands 

ASCII adjust for subtraction 


Multiply double/signle precision 
Integer multiply 
ASCII adjust after multiply 
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Division 


DIV 
IDIV 
AAD 


MOVS 
INS 
OUTS 
CMPS 
SCAS 
LODS 
STOS 
REP 
REPE/ 
REPZ 
RENE/ 
REPNZ 


Logicals 


SHL/SHR 
SAL/SAR 
SHLD/SHRD 


Rotates 


ROL/ROR 
RCL/RCR 


Divide unsigned 
Integer divide 
ASCIl adjust after division 


String Instructions 


Move byte or Word, DWord string 
Input string from I/O space 

Output string to I/O space 

Compare byte or Word, DWord string 
Scan byte or Word, DWord string 
Load byte or Word, DWord string 
Store byte or Word, DWord string 
Repeat 


Repeat while equal/zero 


Repeat while not equal/not zero 


Logical Instructions 


“NOT” operand 

“AND” operand 
“Inclusive OR” operand 
“Exclusive OR” operand 
“Test” operand 


Shift logical left/right 
Shift arithmetic left/right 
Double shift left/right 


Rotate left/right 
Rotate through carry left/right 
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Bit Manipulation Instructions 


Single Bit Instructions 


BT 

BTS 
BTR 
BTC 
BSF 
BSR 


Bit test 

Bit test and set 

Bit test and reset 

Bit test and compliment 
Bit scan forward 

Bit scan reverse 


Bit String Instructions 


IBTS 
XBTS 


Insert bit string 
Exact bit string 


Program Control Instructions 


Conditional Transfers 


SETCC 

JA/JNBE 
JAE/JNB 
JB/JNAE 


JL/JNGE 
JLE/JNG 
JNC 
JNE/JNZ 
JNO 
JNP/JPO 
JNS 


Set byte equal to condition code 
Jump if above/not below nor equal 
Jump if above or equal/not below 
Jump if below/not above or equal 
Jump if below or equal/not above 
Jump if carry 

Jump if equal/zero 

Jump if greater/not less nor equal 
Jump if greater or equal/not less 
Jump if less/not greater nor equal 
Jump if less or equal/not greater 
Jump if not carry 

Jump if not equal/not zero 

Jump if not overflow 

Jump if not parity/parity odd 
Jump if not sign 

Jump if overflow 

Jump if parity/parity even 

Jump if sign 
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Unconditional Transfers 


CALL Call procedure/task 
RET Return from procedure/task 
JMP Jump 


Iteration Controls 


LOOP Loop 

LOOPE/LOOPZ Loop if equal/zero 
LOOPNE/ 

LOOPNZ Loop if not equal/not zero 
JCXZ Jump if CX =0 
Interrupts 

INT Interrupt 

INTO Interrupt if overflow 
IRET Return from interrupt 
CLI Clear interrupt enable 
SLI Set interrupt enable 


High Level Language Instructions 


BOUND Check array bounds 
ENTER Setup parameter block for entering procedure 
LEAVE Leave procedure 
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Protection Model 


SGDT 
SIDT 
STR 
SLDT 
LGDT 
LIDT 
LTR 
LLDT 
ARPL 
LAR 
LSL 
VERR/VERW 
LMSW 
SMSW 


Store global descriptor table 

Store interrupt descriptor table 
Store task register 

Store local descriptor table 

Load global descriptor table 

Load interrupt descriptor table 

Load task register 

Load local descriptor table 

Adjust requested privilege level 
Load access rights 

Load segment limit 

Verify segment for reading or writing 
Load machine status word (lower 16 bits of CRO) 
Store machine status word 


Processor Control Instructions 


HLT 
WAIT 
ESC 
LOCK 


Halt 

Wait until busy# negated 
Escape 

Lock bus 
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80287 Instruction Set 


This appendix is an overview of the instruction set available for the 
80287 coprocessor. This appendix does not contain technical details 
concerning the specific syntax or execution details of these instruc- 
tions. Additional material may be obtained by referring to the related 
publications listed in Chapter 1 of this manual. 
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80287 Instruction Set 


Data Transfer Instructions 


FLD Load 

FST Store 

FSTP Store and pop 

FXCH Exchange stack 1 and stack 0 


Comparison Instructions 


FCOM Compare 

FCOMP Compare and pop 

FCOMPP Compare stack 1 to stack 0 and pop twice 
FTST Test stack 0 

FXAM Examine stack 0 


Constant Instructions 


FLDZ Load + 0.0 into stack 0 
FLD1 Load + 1.0 into stack 0 
FLDPI Load into stack 0 
FLDL2T Load log2 10 into stack 0 
FLDL2E Load log2 e into stack 0 
FLDLG2 Load log10 2 into stack 0 
FLDLN2 Load loge 2 into stack 0 
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FADD 
FSUB 
FMUL 
FDIV 
FSQRT 
FSCALE 
FPREM 
FRNDINT 
FXTRACT 
FABS 
FCHS 


FPTAN 
FPATAN 
F2XM1 
FYL2X 
FYL2XP1 
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Arithmetic Instructions 


Addition 

Subtraction 

Multiplication 

Division 

Square root of stack 0 

Scale stack 0 by stack 1 
Partial remainder of stack 0 + stack 1 
Round stack 0 to integer 
Extract components of stack 0 
Absolute value of stack 0 
Change sign of stack 0 


Transcendental Instructions 


Partial tangent of stack 0 

Partial arctangent of stack 0 + stack 1 
2stack 0-1 

Stack 1 * log2 stack 0 

Stack 1 * log2 (stack 0 +1) 


Processor Control Instructions 


FINIT 
FSETPM 
FSTSWAX 
FLDCW 
FSTCW 
FSTSW 
FCLEX 
FSTENV 
FLDENV 
FSAVE 
FRSTOR 
FINCSTP 
FDECSTP 
FFREE 
FNOP 


Initialize NPX 

Enter protected mode 
Store status word 

Load control word 
Store control word 
Store status word 

Clear exceptions 

Store environment 
Load environment 
Save state 

Restore state 
Increment stack pointer 
Decrement stack pointer 
Free stack 1 

No operation 
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Appendix C 
80387 Instruction Set 


This appendix is an overview of the instruction set available for the 
80387 coprocessor. This appendix does not contain technical details 
concerning the specific syntax or execution details of these instruc- 
tions. Additional material may be obtained by referring to the related 
publications listed in Chapter 1 of this manual. 
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FLD 
FST 

FSTP 
FXCH 


FCOM 
FCOMP 
FCOMPP 
FTST 
FUCOM 
FUCOMP 
FUCOMPP 
FXAM 


FLDZ 
FLD1 
FLDPI 
FLDL2T 
FLDL2E 
FLDLG2 
FLDLN2 


80387 Instruction Set 


Data Transfer 


Load 

Store 

Store and pop 
Exchange 


Comparison 


Compare 

Compare and pop 

Compare and pop twice 

Test stack 0 

Unordered compare 

Unordered compare and pop 
Unordered compare and pop twice 
Examine stack 0 


Constants 


Load +0.0 into stack 0 
Load + 1.0 into stack 0 
Load into stack 0 

Load log2 10 into stack 0 
Load log2 e into stack 0 
Load log10 2 into stack 0 
Load loge 2 into stack 0 
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Arithmetic 
FADD Addition 
FSUB Subtraction 
FMUL : Multiplication 
FDIV Division 
FSQRT Square root 
FSCALE Scale stack 0 by stack 1 
FPREM Partial remainder 
FPREM1 Partial remainder (IEEE) 
FRNDINT Round stack 0 to integer 
FXTRACT Extract components of stack 0 
FABS Absolute value of stack 0 
FCHS Change sign of stack 0 
Transcendental 
FCOS Cosine of stack 0 
FPTAN Partial tangent of stack 0 
FPATAN Partial arctangent 
FSIN Sine of stack 0 
FSINCOS Sine and cosine of stack 0 
F2XM1 2stack 0-1 
FYL2X Stack 1 * log2 stack 0 
FYL2XP1 Stack 1 * log2 (stack 0 + 1) 
Processor Control 
FINIT Initialize NPX 
FSTSWAX Store status word 
FLDCW Load control word 
FSTCW Store control word 
FSTSW Store status word 
FCLEX Clear exceptions 
FSTENV Store environment 
FLDENV Load environment 
FSAVE Save state 
FRSTOR Restore state 
FINCSTP Increment stack pointer 
FDECSTP Decrement stack pointer 
FFREE Free stack 1 
FNOP No operation 
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765, floppy disk controller 
commands, 16-21 
command bits, 16-23 
drive status, 16-37 
format a track, 16-31 
interrupt status, 16-36 
read data, 16-23 
read deleted data, 16-25 
read sector ID, 16-30 
recalibrate, 16-36 
scan equal, 16-32 
scan high or equal, 16-35 
scan low or equal, 16-33 
seek, 16-38 
specify, 16-37 
write a track, 16-29 
write data, 16-26 
write deleted data, 16-28 
device pinout, 16-15 
digital output register, 16-6 
initialization, 16-19 
programming, 16-19 
typical program steps, 16-19 
output register 
bit assignments, 16-6 
tegisters 
data, 16-10 
bit assignments, 16-11 
data transfer rates, 16-10 
main status, 16-7 
bit assignments, 16-8 
floppy control 
bit assignment, 16-10 
serial controller, 16-4 


6845 CRT controller 
color select register, 17-28 
data registers, 17-22 
emulation, 17-20 
palette definitions, 17-28 
pointer address register, 17-21 
port addresses, 17-21 
port register, 17-26 
register R8, 17-24, 25 
resolution select, 17-27 
status port register, 17-29 
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80287 co-processor, 13-1 
architecture, 13-2 
bus interface unit, 13-3 
condition codes, 13-4 
control word, 13-6 
device pinout, 13-11 
numeric execution unit, 13-7 
operation, 13-10 
pin descriptions, 13-11 
programming, 13-10 
registers, 13-7 
status word, 13-3 


80386 CPU, 12-2 

addressing modes, 12-17 
architecture 

base, 12-2 

protected, 12-29 
bus arbitration signals, 12-64 
bus control signals, 12-65 
bus cycle signals, 12-64 
bus interface unit, 12-3 
bus signals, 12-62 
call gates, 12-34 
co-processor interface signals, 12-66 
description, 12-2 
descriptors, 12-29 

access rights byte definition, 12-44 

attributes, 12-42 

code, 12-44 

data, 12-44 

GODT, 12-29 

IDT, 12-29 

LDT, 12-29 

system segment, 12-46 

system segment types, 12-47 
device pinout, 12-58 
execution unit, 12-4 
flag register, 12-9 

description, 12-9 
VO, 12-19 
V/O privilege, 12-32 
instruction decode unit, 12-3 
instruction pointer, 12-9 
instruction prefetch unit, 12-3 
inter-segment transfer, 12-33 
interrupt processing, 12-20 
interrupt signals, 12-66 
interrupt types, 12-19 
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interrupts, 12-19 
priorities, 12-21 
vector assignments, 12-21 
memory access, 12-31 
memory utilization, 12-18 
miscellaneous signals, 12-67 
modes 
protected, 12-50 
real, 12-28 
virtual, 12-52 
page descriptor base register, 12-38 
page directory, 12-38 
page directory entries, 12-39 
page fault error codes, 12-41 
page table, 12-40 
page table entries, 12-39 
paging, 12-38 
paging unit, 12-4 
protected mode 
initialization, 12-50 
memory addressing, 12-49 
protection 
privilege levels, 12-31 
privilege types, 12-32 
protection concepts, 12-29 
real mode, 12-28 
registers 
address, 12-14 
control, 12-12 
CRO bit definitions, 12-13 
debug, 12-16, 22 
DR6 definition, 12-23 
DR7 definition, 12-24 
general purpose, 12-9 
internal, 12-6 
segment, 12-11 
test, 12-16, 26 
bit definitions, 12-27 
TSS, 12-35 
usage, 12-6 
segmentation unit, 12-4 
selector privilege, 12-32 
signal descriptions, 12-62 
status flags, 6-14 
system segment descriptors 
gate, 12-48 
LDT, 12-47 
TSS, 12-47 
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task privilege, 12-32 | 


task switching, 12-35 
TLB, 12-40 
translation lookaside buffer, 12-40 
virtual mode, 12-52 
addressing, 12-52 
VO permission, 12-53 
interrupts, 12-55 
paging, 12-52 
protection, 12-53 
transition, 12-56 


80387 co-processor, 13-13 
architecture, 13-13 
bus control unit, 13-14 
bus interface signals, 13-26 
chip select signals, 13-27 
condition codes, 13-17 
control signals, 13-25 
data interface/control unit, 13-15 
device pinout, 13-23 
floating point unit, 13-18 
handshake signals, 13-25 
operation, 13-21 
pin descriptions, 13-25 
programming, 13-22 
quotient results, 13-18 
registers, 13-19 
status word, 13-15 


8237 DMA controller, 14-36 
block diagram, 14-36 
mask command, 14-43 
modes 

block transfer, 14-46 
cascade, 14-46 
demand transfer, 14-46 
single transfer, 14-45 
operation, 14-44 
pin descriptions, 14-49 
pinout, 14-52 
programming, 14-49 
registers 
base, 14-38 
command, 14-39 
current, 14-38 
internal, 14-38 
mask, 14-42 
mode, 14-41 
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request, 14-43 

status, 14-39 

temporary, 14-40 
special features, 14-47 


8254 interval timer, 7-3, 18 

description, 14-23 

modes 
0— interrupt on terminal count, 14-26 
1— programmable one-shot, 14-27 
2—rate generator, 14-28 
3— square wave rate generator, 14-29 
4— software triggered strobe, 14-30 
5 — hardware triggered strobe, 14-31 

definitions, 14-25 

operation 
read and write, 14-33 

pin descriptions, 14-34 

pinout, 14-35 

programming, 14-32 

read/write logic, 14-24 

tegisters 
control, 14-24 

system timer interrupt, 14-3 

timer control, 14-24 


8259 interrupt controller, 8-8, 14-1 
architecture, 14-3 
block diagram, 14-3 
cascading, 14-16 
commands 
Operation 
word 2, 14-19 
word 3, 14-20 
initialization, 14-5 
word 1, 14-6 
word 2, 14-7 
word 3, 14-7 
word 4, 14-8 
setup, 14-9 
interrupt line assignments, 14-2 
interrupt trigger, 14-15 
logic 
control, 14-4 
read/write, 14-4 
operation 
CPU mode, 14-9 
priority handling, 14-10 
sequence, 14-17 
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pin descriptions, 14-21 
pinout, 14-22 
port address, 14-16 
programming, 14-16 
registers 
in-service, 14-4 
interrupt mask, 14-5 
interrupt request, 14-4 
resolver 
priority, 14-4 
status, 14-15 


82C431 graphics controller, 17-58 
pin descriptions, 17-68 
programming example, 17-60 
register values, 11-26 


82C432 sequencer, 17-73 
pin descriptions, 17-79 
programming example, 17-74 
register values, 11-26 


82C433 attribute controller, 17-83 
pin descriptions, 17-90 
programming example, 17-86 
register values, 11-27 


82C434 CRT controller, 17-95 
pin descriptions, 17-110 
programming example, 17-101 
register values, 11-27 


Attribute controller (see 820433) 


Autoboot 
bypassing, 6-2 
defeating, 6-2 


Breakpoints, 6-11 


cache memory description, 15-22 
CAS, 15-12 
computer 
autoboot, 2-8 
boot procedure, 5-14 
cache card, 4-9 
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configuration 
CPU card, 4-1 
disk drives, 4-10 
drive controller card, 4-9 
drive modification, 4-10 
V/O card, 4-4 
memory card, 4-7 
features, 1-1 
general description, 1-1 
hardware 
CPU card, 4-1 
disk drives, 4-10 
drive controller card, 4-9 
drive modification, 4-10 
VO card, 4-4 
memory card, 4-7 
initialization, 6-2 
{C installation, 2-11, 12, 14 
internal options 
CPU card, 4-1 
disk drives, 4-10 
drive controller card, 4-9 
drive modification, 4-10 
VO card, 4-4 
memory card, 4-7 
MFM-300, 2-9 
operating environment, 2-1 
power requirements, 2-1 
power-up, 2-8 
power-up sequence, 6-2 
reset, 2-10 
self test, 2-8 
setup, 2-2 
slot assignments, 2-13 
unpacking, 2-2 
CPU card 
description, 12-1 
CRT controller (see 6845 and 820434) 


Debugger, 6-8 
Disassembly 
auxiliary fan, 3-3 
backplane, 3-4 
circuit card, 3-2 
cover, 3-1 
disk drive, 3-6 
power supply, 3-5 
Disk-based diagnostics, 19-12 
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Disk drives 
autoboot, 2-8, 6-2 
booting, 10-17 
command bits, 16-23 
commands, 16-21 
configuration, 4-14, 18 
control register port address, 16-5 
controller, 16-3, 16-5 
DMA mode, 16-3 
drive selection, 16-2, 7 
drive status, 16-37 
drive types,5-13 
error codes, 10-6 
error detection, 16-2 
floppy disks, 10-5 
format track, 16-31 
format, 10-10 
hard disk (see Hard disk drive) 
hard disk, 10-5 
identification codes 
initialization, 10-8, 10 
interrupt status, 16-36 


invalid commands, 16-2 
manual commands, 2-9, 6-7 
number of, 7-5 

parameters, 10-18, 21, 22, 24 

port 1FOH, 16-39 

port 1F1H, 16-40 

port 1F2H, 16-43 

port 1F3H, 16-43 

port 1F4H, 16-43 

port 1F5H, 16-43 

port 1F6H, 16-44 

port 1F7H, 16-44, 46 

port 3F2H, 16-6 

port 3F4H, 16-7 

port 3F5H, 16-10 

port 3F6H, 16-49 

port 3F7H, 16-10, 50 

read deleted data, 16-25 

read sector ID, 16-30 

read, 16-23 

recalibrate, 10-15, 16-36 

registers, 16-5 

ROM parameters, 10-18 
scan equal, 16-32 
scan high or equal, 16-35 
scan low or equal, 16-33 
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seek, 10-13 
seek, 16-38 
specify, 16-37 
supported, 16-1 
track 
write deleted data, 16-28 
write track, 16-29 
write, 16-26 
Disk input/output 
test drive ready, 10-14 
DMA controller (see 8237) 


EMS memory 
description, 15-17 
Error messages 
disk drive, 19-6 
general, 19-9 
setup/configuration, 19-8 
summary lines, 19-11 
Expanded memory, 15-17 


Graphics controller (see 82C431) 


Hard disk drive 
command register, 16-46 
command register coding, 16-46 
control registers, 16-39 
controller commands, 16-51 
cylinder high register, 16-43 
cylinder low register, 16-43 
data register, 16-39 
diagnostic mode error codes, 16-40 
digital input register, 16-50 
digital Input register codes, 16-50 
drive and head register, 16-44 
drive and head register codes, 16-44 
error register, 16-40 
fixed disk register codes, 16-49 
format track command track layout, 16-54 
operation mode error register codes, 16-40 
port addresses, 16-39 
programming, 16-51 
sector count register, 16-43 
sector interleave, 16-55 
sector number register, 16-43 
seek and restore step rate codes, 16-48 
status register, 16-44 
status register codes, 16-44 
write precompensation register, 16-43 
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Hardware 
(Refer to specific device entries) 

765 floppy disk controller 
6845 CRT controller 
80287 co-processor 
80386 CPU 
80387 co-processor 
8237 DMA controller 
8254 interval timer 
8259 interrupt controller 
82C431 graphics controller 
82C432 sequencer 
82C433 attribute controller 
82C434 CRT controller 
MC146818A real time clock 
NS16450 asynchronous communications element 
SCP system control processor 


vo 
paralle! connector, 2-7 
serial connector, 2-7 
Installation 
tools, 2-1 
INT OOH divide by zero, 7-1 
INT 01H single step, 7-2 
INT 02H non-maskable interrupt, 7-2 
INT O3H software breakpoint, 7-2 
INT 04H arithmetic overflow, 7-3 
INT OSH print screen, 9-1 
INT O8H timer, 7-3 
INT O9H key pressed, 8-1 
INT OAH real-time clock, 7-3 
INT OBH communications (COM2:), 9-2 
INT OCH communications (COM1:), 9-2 
INT ODH parallel printer (LPT2:), 9-2 
INT OEH floppy disk interrupt return, 10-1 
INT OFH parallel printer (LPT1:), 9-2 
INT 10H video input/output 
functions 
00H — set video mode, 11-2 
01H — set cursor type, 11-3 
02H — set cursor position, 11-3 
03H — read cursor position, 11-4 
04H — read light pen position, 11-4 
05H — select active display page, 11-4 
O6H — scroll an area of the screen up, 11-4 
07H — scroll an area of the screen down, 11-5 
08H — read cursor position contents, 11-5 
09H — send character and attribute to screen, 11-5 


OAH — send character to screen, 11-5 
OBH — set graphics foreground color, 11-5 
OCH — write graphics pixel, 11-6 
ODH — read graphics pixel, 11-6 
OEH — dumb terminal display, 11-7 
OFH — return video state, 11-7 
10H — set palette registers, 11-7 
11H—character generator routine, 11-8 
BH register return values, 11-10 
tow specifier options, 11-9 
12H — alternate select, 11-10 
EGA information, 11-10 
13H — write character string, 11-11 
register, string, and cursor data, 11-11 
64H — set scroll mode, 11-11 
65H — set interlace mode, 11-12 
66H — compatibility mode, 11-12 
function code summary, 11-2 
video modes, 11-2 


INT 11H equipment configuration, 7-4 


summary, 7-4 


INT 12H memory size, 7-5 
INT 13H disk input/output 


error status codes, 10-6 
Functions 
00H — reset disk system, 10-7 
01H — read disk status, 10-8 
02H — read sector, 10-8 
03H — write sector, 10-9 
04H — verify sector, 10-9 
05H — format a track, 10-10 
08H — return drive parameters, 10-11 
09H — set hard drive parameters, 10-12 
OAH — read sectors with ECC bytes, 10-12 
OBH —write sectors with ECC bytes, 10-12 
OCH — seek, 10-13 
ODH — reset hard disk drive, 10-13 
OFH — return drive type, 10-13 
10H — test, 10-14 
11H — set drive type/recalibrate, 10-15 
12H — set media type, 10-15 
14H — hard disk controller self test, 10-16 
15H— return DASD type, 10-16 
18H — acknowledge cartridge changed, 10-17 
19H — reinitialize cartridge drive, 10-17 
1BH — assert recovery mode, 10-17 
1CH — deassert recovery mode, 10-17 
Function codes, summary, 10-2 
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INT 14H serial input/output, 9-2 
Functions 
00H — Initialize serial input/output port, 9-3 
01H— send character to the serial port, 9-4 
02H — receive character from the serial port, 9-5 
03H — read communications status, 9-5 
line control status, 9-6 
mode-select byte, 9-3 
modem control status, 9-6 
set baud rate, 9-4 
set parity, 9-4 
set word length, 9-3 
INT 15H device control, 7-5 
extended functions 
E2H — ram protect enable/disable, 7-12 
E3H — set processor speed, 7-13 
E4H — read processor speed, 7-13 
E5H — enable/disable cache memory, 7-14 
E6H — read cache state, 7-14 
functions 
80H — open device, 7-6 
81H — close device, 7-6 
82H — program terminate, 7-6 
83H — set non-busy wait, 7-7 
84H — read joystick, 7-7 
85H — system request key pressed, 7-7 
86H — busy wait interval, 7-7 
87H — block move, 7-8 
88H — extended memory size determination, 7-9 
89H — set processor to protected mode, 7-9 
90H — device busy loop entry point, 7-11 
91H — set interrupt complete flag, 7-12 
summary, 7-6 
INT 16H keyboard inputoutput, 8-2 
check keyboard buffer, 8-3 
functions 
OOH — get character code, 8-3 
01H — check keyboard buffer, 8-3 
02H — get keyboard status, 8-3 
03H — set key repetition rate, 8-4 
05H — place character in buffer, 8-6 
10H — get extended character code, 8-6 
11H — check extended keyboard buffer, 8-6 
12H — get extended keyboard status, 8-6 
summary, 8-2 
INT 17H printer input/output, 9-7 
parallel printer status report, 9-7 
printer function codes, 9-7 


INT 18H parallel/serial configuration, 9-8 
handshake byte, 9-10 
parallel map format, 9-9 
parity/case byte, 9-11 
serial map format, 9-10 
word length, stop bits, parity, baud rate, 9-12 
INT 19H booting an operating system, 10-17 
INT 1AH set/read time of day, 7-14 
functions 
00H — read time of day, 7-15 
01H — set time of day, 7-15 
02H — read real time clock, 7-15 
03H — set real time clock, 7-15 
04H — read real time clock date, 7-15 
05H — set real time clock date, 7-16 
O6H — set real time clock alarm, 7-16 
07H — disable real time clock alarm, 7-16 
summary, 7-14 
INT 1BH keyboard break, 8-7 
key pressed, 8-1 
keyboard break, 8-7 
keyboard input/output, 8-2 
booting an operating system, 10-17 
disk drive 
summary, 10-1 
disk input/output, 10-2 
disk parameters, 10-18, 22 
floppy disk drive, 10-1 
INT 1CH tick timer, 7-17 
INT 1DH video initialization, 11-13 
INT 1EH disk parameters, 10-18 
INT 1FH defining characters, 11-14 
INT 40H disk input/output, 10-2 
error status codes, 10-6 
functions 
00H — reset disk system, 10-7 
01H— read disk status, 10-8 
02H — read sector, 10-8 
03H — write sector, 10-9 
04H — verify sector, 10-9 
05H — format a track, 10-10 
08H — return drive parameters, 10-11 
OCH — seek, 10-13 
OFH — return drive type, 10-13 
10H — test, 10-14 
11H — set drive type/recalibrate, 10-15 
12H — set media type, 10-15 
15H — return DASD type, 10-16 
summary, 10-2 
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INT 4AH alarm interrupt, 7-17 
INT 70H real time clock alarm interrupt, 7-18 
INT 71H software redirect of IRQ2, 7-18 
INT 75H math coprocessor, 7-18 
INT 76H hard disk interrupt return, 10-1 
Interrupt controller (see 8259) 
Interrupt vectors 
address description, 14-5 
table, 14-5 


Interrupts (refer also to specific interrupt entry) 
addresses, 6-19 
alarm, 7-17 
arithmetic overflow, 7-3 
communications (COM1), 9-2 
communications (COM2), 9-2 
CPU, 7-1 
default action, 6-19 
defining characters, 11-14 
device control, 7-5 
divide by zero, 7-1 
equipment configuration, 7-4 
function codes, 9-3 
hardware generated, 6-18 
hardware, 6-17 
get keyboard status, 8-6 
INT (refer to specific interrupt entry) 
maskable, 14-1 
math co-processor, 7-18 
memory size, 7-5 
modifying, 6-19, 20 
non-maskable, 14-1 
non-maskable interrupt, 7-2 
parallel printer (LPT2), 9-2 
parallel printer, 9-2 
parallel/serial configuration, 9-8 
print screen, 9-1 
printer input/output, 9-7 
programming, 6-17 
teal time clock alarm, 7-18 
real-time clock, 7-3 
serial inpuVoutput, 9-2 
seU/read the time of day, 7-14 
single step, 7-2 
software breakpoint, 7-2 
software redirect of IRQ2, 7-18 
software, 6-19 
summary, 6-21, 11-1, 9-1 


system summary, 7-1 
tick timer, 7-17 
time of day, 7-3 
timer, 7-3 
using, 6-19 
vector, 6-19 
video 
initialization, 11-13 
input/output, 11-1 


Jumpers 


1.2M drive address, 4-12 
360K drive address, 4-11 
720K drive address, 4-13 
configuration 

CPU card, 4-3 

/O card, 4-6 
description 

CPU card, 4-3 


Keyboard 


adjustment, 5-8 

features, 5-1 

key descriptions 
control, 8-21 
function, 8-21 

key functions 
alphanumeric, 5-2 
alternate, 5-4 
arrow, 5-5 
backspace, 5-3 
break, 5-7 
caps lock, 5-2 
control, 5-3 
delete, 5-6 
end, 5-5 
enter/return, 5-3 
escape, 5-7 
function keys, 5-7 
home, 5-5 
insert, 5-6 
number lock, 5-6 
page down, 5-5 
page up, 5-5 
pause, 5-7 
print screen, 5-7 
scroll lock, 5-7 
shift, 5-3 
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space bar, 5-3 
system request, 5-7 
tab, 5-3 
keycodes 
alphabetic, 8-9 
control, 8-11 
factored screen control, 8-12 
function, 8-11 
make/break, 8-26 
numeric, 8-10, 15 
punctuation, 8-10 
repetition rates, 8-5 
scan codes 
alphabetic, 8-18 
control, 8-24 
function, 8-24 
numeric, 8-20 
punctuation, 8-20 
status report, 8-4 
AH register, 8-7 
AL register, 8-7 
XT/AT switch, 5-8 


Map 
system memory, 6-22 
port address, 6-23 
Maskable interrupts, 14-1 
Mass storage 
definition, 16-1 
MC146818A real time clock, 14-53 
architecture, 14-54 
internal memory, 14-64 
interrupts, 14-62 
alarm, 14-62 
periodic, 14-62 
update-enabled, 14-62 
operation, 14-60 
initialization, 14-61 
update cycle, 14-63 
periodic interrupt options, 14-57 
pin descriptions, 14-65 
pinout, 14-67 
programming, 14-60 
registers 
alarm, 14-59 
calendar, 14-59 
internal, 14-55 
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register A, 14-56 
register B, 14-57 
register C, 14-58 
register D, 14-59 
time, 14-59 


Memory 
address decoding, 15-8 
addressing, 15-6 
bank error, 15-14 
board error, 15-14 
cache, 15-21 
description, 15-22 
read, 15-23 
write, 15-26 
configuration, 15-15 
configuration options, 15-1 
cycles, 15-4 
data interface, 15-9 
EMS, 15-17 
description, 15-17 
expansion, 15-1 
map,6-22, 15-5 
pages, 15-3 
paging, 15-12 
parity 
checking, 15-13 
generation, 15-13 
test, 15-15 
programming, 15-6 
read cycle, 15-4 
refresh, 15-12 
refresh cycle, 15-4 
search, 6-15 
slushware, 15-16 
system, 15-3 
types, 15-2 
user memory, 15-6 
write cycle, 15-4 
Message 
* Invalid Command, 6-8 
(see Error messages) 
Monitor 
CRT 
adjusting, 6-5 
Monitor program 
basic features, 6-3 
command 
color bar, 6-5 
disk boot, 6-7 
display memory, 6-9 
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examine memory, 6-10 
examine/modify registers, 6-13 
fill memory, 6-10 
go (execute), 6-11 
help, 6-5 
hex math, 6-12 
input from port, 6-12 
move memory block, 6-13 
output to port, 6-13 
search memory, 6-15 
set video/scroll mode, 6-6 
trace user program, 6-15 
unassemble, 6-16 
command summary, 6-4 
configuration, 5-9 
description, 6-1 
initial powerup sequence, 6-2 
jump vectors, 6-24 
setup, 5-9 
setup/configuration 
use, 5-9 
video commands, 6-5 


Non-maskable interrupts, 14-1 
NS16450, 18-2 
baud rate/divisor latch values, 18-6 
controller 
interrupt, 18-3 
modem, 18-3 
handshaking, 18-4 
input lines, 18-4 
output lines, 18-4 
interrupts, 18-7 
pin functions, 18-12 
programmable options, 18-4 
programming, 18-4 
receiver, 18-2 
register ports, 18-5 
registers, 18-5 
buffer receiver, 18-5 
divisor latches, 18-5 
interrupt, 18-6 
line control, 18-8 
line status, 18-10 
line status report, 18-10 
modem control, 18-9 
modem status, 18-11 
modem status report, 18-11 
transmitter holding, 18-5 
transmitter, 18-2 


Operating system 
loading, 2-10 


Parallel connector 
pinout, 18-17 
Parallel port, 18-16 
addresses, 18-16 
Peripherals 
connecting, 2-3 
Port 
interrupt controller, 14-16 
Product information, 1-5 
environment, 1-6 
basic unit, 1-6 
peripherals, 1-7 
performance options, 1-7 
co-processors, 1-7 
mass storage options, 1-8 
video options, 1-8 
specifications, 1-9, 10, 11 
Print screen 
status byte, 9-1 
Programmable interval timer (see 8254) 
Program 
execution 
halting, 6-11 
Programming 
8237, 14-49 
8254, 14-32 
8259, 14-16 
MC146818A, 14-60 
SCP, 14-79 


RAS, 5-12 
Raster-scan, 17-1 
Real-time clock (see MC146818A) 
Related publications, 1-3 
ROM-based tests, 19-2 
base memory, 19-4 
disk read, 19-3 
exiting, 19-5 
expansion memory, 19-5 
keyboard, 19-4 
powerup, 19-5 
test menu, 19-2 


Tools 
required, 2-1 
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SCP (system control processor), 14-67 
buffers 
input, 14-69 
output, 14-69 
commands, 14-70 
command byte description, 14-72 
keyboard 
operations, 14-73 
receiving data, 14-73 
sending data, 14-74 
operation 
CPU protected mode, 14-75 
pin descriptions, 14-76 
programming 
fast CPU reset, 14-79 
fast gate A20, 14-79 
NM! enable, 14-80 
scratchpad RAM enable, 14-80 
registers 
Status, 14-68 
slushware, 14-74 
Self-tests, 19-1 
Serial connector 
pinout, 18-2 
Serial port 
initializing, 9-3 
Sequencer (see 82C432) 
Slushware, 15-16 
Software 
video drivers, 4-24 
Sound 
programming, 7-18 
System control processor (see SCP) 
System memory, 15-3 (see Memory) 
System memory map, 6-22 


Video 

9-pin connector 
pinout, 2-4, 5 

15-pin connector 
pinout, 2-5 

31 kHz, 17-118 
color palette, 17-118 

6845 
color select register, 17-28 
data registers, 17-22 
light pen register, 17-30 
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palette definitions, 17-28 
pointer address register, 17-21 
port addresses, 17-21 

port register, 17-26 

register R8, 17-24, 25 
resolution select, 17-27 

status port register, 17-29 


82C431, 17-58 


register values, 11-26 


820432, 17-73 


character map A, 17-77 
character map B, 17-78 
clocking mode register, 17-75 
memory mode register, 17-78 
register values, 11-26 
sequencer addressing, 17-73 
sequencer register, 17-73 


82C433, 17-83 


addressing, 17-85 

mode control register, 17-87 
overscan register output, 17-87 
palette register output, 17-87 
register summary, 17-84 
register values, 11-27 

status port, 17-84 


82C434, 17-95 


addressing, 17-100 

mode control register, 17-108 
overflow register, 17-104 
register summary, 17-99 
register values, 11-27 


CGA, 17-37 


color register select, 17-45 
CRT control registers, 17-37 
VO port assignments, 17-43 
VO port selection, 17-44 
palette 1 selection, 17-46 
palette 2 selection, 17-46 
port 3D8, 17-47 

port 3DA, 17-48 
programming, 17-49 

status select, 17-49 


color attribute byte, 11-20, 17-12 
color modes, 11-16 

color selection, 11-21, 17-13 
configuration, 2-3, 4-21 


options, 4-23 
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controller 
6845 emulation, 17-20 
introduction, 17-7 
EGA, 11-15, 17-56 
bit/memory relation, 17-61 
color compare register, 17-62 
external register values, 11-25 
graphics controller addressing, 17-60 
graphics controller register, 17-59 
graphics register R3, 17-63 
miscellaneous register, 17-66 
EGA modes, 11-18 
initialization 
default values, 11-13 
emulation 
CGA, 17-37 
HGC, 17-50 
hardware features, 17-9 
HGC, 17-50 
attributes, 17-55 
configuration register, 17-54 
data register, 17-50 
display mode control register, 17-51 
display status register, 17-52 
index register, 17-50 
initialization 
mode set, 7-5 
MDA, 17-30 
attribute codes, 17-33 
character/attribute addressing, 17-32 
control register, 17-30 
CRTC registers, 17-37 
register addresses, 17-36 
status register, 17-36 
memory, 17-8 
modes, 6-6, 11-2, 18 
basic, 17-10 
CGA, 17-37 
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color 
high resolution, 11-22 
medium resolution, 11-21 
color selection, 11-21 
palette, 11-22 
EGA, 17-56 
graphics, 11-21, 17-13 
HGC, 17-50 
mode at powerup, 7-5 
scroll modes, 6-6 
mode F attributes, 17-14 
text, 11-19, 17-10 
mode 10, 11-24 
base colors, 11-24, 17-16 
memory plane assignment, 11-24, 17-15 
Palette color attributes, 11-25 
mode F, 11-22 
attributes, 11-23 
monitor connection, 2-6 
monochrome attribute byte, 11-20, 17-12 
monochrome modes, 11-16 
Operating modes, 11-18, 17-64 
overview, 17-1 
palette colors, 11-6, 22, 17-14 
palette register color attributes, 17-16 
raster scan, 17-1 
shift registers, 17-9 
systems, 17-17 
31 kHz, 17-19 
CGA, 17-18 
EGA, 17-18 
HGC, 17-17 
MDA, 17-17 
PGC, 17-19 
VGA, 17-19 
video encoder, 17-9 
Video emulation 
MDA, 17-30 
Video sequencer (see 82C-432) 


